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Third Annual General Meeting. 

The Third Annual General Meeting of the National Institute of Sciences 
of India was hold at 3 pm. on Saturday the 8th January, 1938, in the Senate 
Houso, Calcutta University 

The following Fellows wore present — 

Prof M N Saha, rrmdetU (in tho ohair) 

Rai Bahadur Dr S L Hora, Honorary Trcimuri r 
Prof S. P Agharkar, Honorary Secretary 
Dr Na/n Ahmad Dr S himhim 


Prof S L Ajrekar 

Di ,M S K oilman 

Prof P R Awati 

Prof P Noogi 

Prof K V Bald 

Plot (! R Paiaiij|H« 

Prof A C Banerji 

Dr R P Pnranjpyii 

Prof S K Banerji 

Dr B N Prasad 

Prof Y Bharadwaju 

Dr B Piotihad 

Mr T. P Hhoskara Shastri 

I)i K R Ramanutluin 

Dr B L Bhatia 

Dr L A Ranidos 

Dr S N Chakravarti 

Rao Bahadur 0 N Ratigoswaini Ayyangar 

Mr 0 Chatterjee 

Mr B Rama Rao 

Dr H Chaudhun 

l)r H Si mi vasa Rao 

Dr. B N. Chopra 

Prof P U Ray 

Prof S Datta 

Di H K Son 

Prof H B Dunnicliff 

Principal J M Son 

Sir Lewis Former 

Lt -CJol R B Seymour Sowoll 

Dr Gilbort Fowlor 

Prof M H Siddiqi 

Prof S L Qhoao 

Dr E Sjionoer 

Prof J Ghosh 

Prol.V Subrahmanyan 

Prof. P N Ghosh 

Ran Bahadur T S Vonkatarainaii 

Dr. B S (Julia 

Rao Bahadur B Vonkatosochar 

Khan Bahadur M Atzal Husain 

Mr D N Wadia 


The meeting was also attended by about 88 visitors 
1. The minutes of the Seventh Ordinary General Meeting were read and 
confirmed. 

2 The President appointed Dr B N Prasad and Mr D N Wadia to 
act as scrutineers ot the ballot papers received tor the election of officers and 
other members of tho Council for the year 1938. 

3. Prof S L Ajrekar, Prof S L Ghose, Dr It P Paranjpyo and Prof 
B Venkatosaehar signed tho duplicate obligation form as per Rule 13 

4. The following Ordinary Fellows were admitted as Fellows as per 
Rule 13. 

Prof. Y Bharadwaja 
Dr. B L Bhatia. 

Mr. G. Chatterjee. 

Prof. G R. Paranjpe. 


Dr H S. Rao 

Lt -Col. R B Seymour Sewell 
Prof. M. R. Stddirp 
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5 The Secretary announced that since the last Ordinary General Meeting 
tho Institute had lost one Ordinary Fellow by death (Sir J 0. Bose) and four 
by resignation (Mr. E A Wraiglit, Sir Gerald Trevor, Sir Martin Forster, 
and Dr T. Boyds) 

0 The President appointed Dr B. N. Prasad and Dr B S Guha to 
act as scrutineers ot tho voting papers received m connection with the modifica- 
tion to Rule 7(h) On the votes received and the voteH of those who voted at 
the mooting, the proposed alteration in tho rule was rejected 

7. The Annual Report prepared by tho Counc il was adopted (see pp 3- 21 ). 
8 The following wore declared to have boon elected oiheors and other 
members of tho Council for tho year 1938 

President . Prof M N Saha Treasurer Dr B S Guha 

Vice President a Prof S 8 Bhatnagar, Poren/n Suretary Pr< > ( B Sahm 

Brevot-Col H N Chopia Secretariat Prol S P Aghaihar, 

Dr A M Hon® 

Members of Council Mr T P Bhaskara Shastri, Dr G S Boko, Mr H G Champion, 
Prof J (' GhoHh, Dr 1«’ H Gravely, Khan Bahadur M Afoil Husain, Prol K S 
Knslman, Dr H B Lai, Prof S K Mitra, Prof J N Mukhorjoe, Dr C W B 
Normand, Sir Ai thur Olvor, Dr Uaini Praxhad, Prof N K Sen, Lt Col 8 S Sokhey, 
Prof V. Subrahmanyan, Col J Taylor, Rao Bahadur B Vonkatosachar 

!) The President delivered his address, the subject being ‘The Problem 
of Indian Rivers ’ (Hee pp 23-47) The address forms an introduction to the 
Symposium on River Physics, organised under the joint auspices of the National 
Institute of Sciences of India, the Indian Science Congress Association and 
the Indian Physical Society, and was held on Sunday tho 9th January, 1938, 
m tho samo hall at 1-30 p m 

The Proceedings of tho Symposium are being published separately 



ANNUAL REPORT 


Tho Council of the National Institute of Sciences of India have pleasure 
m submitting tho following report on the general concerns of the Institute 
for tho year 1937, as required by the provisions of rule 18(/) 

Membership. 

The numls-r of Fellows on the roll of the Institute at tho licgiuniug of 
the year was 144 Ordinal y Fellows and 11 Honorary Fellows Ten Onlinarv 
Fellows and four Honorary Fellows woro < looted dunng the \eui m 
accordance with the piocoduro laid down m the Regulations The Institute 
lost two Ordinary Fellows and two Honorary Fellows by death and one 
Ordinary Fellow by resignation The total number of Fellows on the roll 
at tho end of the year is 151 Ordinary and 13 Honorary Follows 


Office accommodation 

The need for more accommodation for the offices of the Institute, that 
was stressed m last j ear’s report, is an ever-present, problem Difficulty is 
already being experienced m finding storage room for the stex k of the 
Institute's publications that is rapid 1} accumulating Accommodation is 
nooded for the growing library of the Institute and a reading room for Fellows 
when they visit tho rooms of the Institute Increased accommodation is 
also required for tho additional staff, appointment of winch will have to bo 
considered by tho Council at an early date 

Tho Council aro considering tho question of approaching tho Government 
of India for accommodation in one of their buildings 

Meetings 

The second Annual Meeting was held at the Osmama University, 
Hyderabad, on tho 5th January, 1937. An account of the meeting was pub- 
lished in the Proceedings, Vol III, pp 1-2 

Throo Ordinary General Meetings were held during the year, tho first 
on the 25th March, 1937 m tho Physics Lecture Theatre of the Allahabad 
University, tho socond on tho 27th and 28th August, 1937 in the All-India 
Institute of Hygiene and Public Health, Calcutta, and the third on the 6th 
November, 1937 at the University of Delhi Accounts of these meetings 
will be found m the Proceedings, Vol III, pp 387-388, 411-412 and 413-414 
The papers read at the first of these meetings, with a few exceptions, have 
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been published in the Proceedings, Vol III, No. 3. Thoso road at sub- 
sequent meetings will be published in due course. 

At the meeting on the 27th and 28th August, 1937, a Symposium on the 
‘ Malaria Problem m India ’ was hold, which was attended by a large number of 
medical and scientific workers from all parts of India 


The Council. 

The officers and members of Council for the year 1937 wore oloctod at 
the second Annual General Meeting held on the 5th January, 1937. Togethor 
with tho representatives of the co-operating Academies and the Indian Science 
Congress Association the Council was constituted as follows : — 

President Prof M N Saha 

Vice Presidents Prof S S Bhatnagar 

Bre\ et Col R N Chopra 

Additional Vice Prcsvlenls Sir l) N Brahinaohan 

Prof N R Dhar 

Rao Bahadur T S Venkatarainan 
Dr T 8 Wheeler 
Rat Bahadur Dr 8 L Hora 
Prof B Sahni 
Prof 8 P Agharkar. 

Dr A M Heron 
Mr T P Bhaakara Shastri 
Dr U S Bose 
Sir Bryco Burt 
Prof J C Ghosh 
Dr ¥ H Gravely. 

Khan Bahadur M Atzal llusam 
Prof K 8 Knshnan. 

Dr. R. B. Lai. 

Prof 8 K Mitra 
Prof J N Mukherjno 
Dr 0 W. B Normand 
Dr Bauu Prashad 
Prof, N R Son 
Lt.-(!ol 8 8 Sokhey 
Col, J Taylor 
Sir Gorald Trovor 
Rao Bahadur B. Venkatewaehar 
Mr F. Ware 

Brigadier Sir Harold Couchinan ) „■ 

Sir Lewis Fernior ^Kx-offmo 

Mr C C Calder 
Prof P 8. MacMahon. 

Prof G Matthai 
Mr W. D West 

The Council held 9 ordinary and 1 special meeting during the year. The 
special meeting was held on tho 7th June, 1937 to consider tho terms on whioh 
the Government of India sanctioned a grant of Rs 6,000 per annum to the 
Institute. 

During the absence of Prof. S. P. Agharkar out of Calcutta for a month 
in May-June, 1937 the President nominated Dr. Baini Prashad, as per Rule 47 , 
to act as Honorary Secretary. 


Treasurer 
Foreign Secretary 
Secretaries 

Members of Council 


Additional Members of Council 
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The Council appointed Dr C S. Fox, Mr. E R Goe, Mr. D N. Wadia 
and Prof. B. Sahm os its dologatos to the 17th Internal irainl Geological 
Congress held at Moscow m July. Only Dr Fox was able to attend Dr 
E. Spencer also attended the 17th International Geological Congress 

Sectional Committees. 

There were no changes in tho personnel of the Sectional Committees 
during the year, oxoopt that Sir U N Brahmaehari was appomtod to act as 
Secretary of the Physiology Committee during tho ahsomo out of India of 
Brevet-Col. R. N. Chopra 

Additional Committees 

A Committee ronsisting of Prof M N Saha, Prof J. N Mukherjee, 
Mr. W. D. WoNt, Dr A M Heron and Prof S I* Agharkar was appointed to 
consider Prof V Subrahmanyan's letter regarding the modi of election of the 
Council of the Institute and to suggest suitable alterations to Rule 48, for 
consideration of the Council 

Publications 

Four numliers of the Proceedings and three numbers of the Transactions 
and tho second number of Indian Science Abstracts for the year 1935 have boon 
published since the last Annual Itopoit Copies of all theso have been cir- 
culated to Fellows. 

The Council resolved to supply the publications of tho Institute free to 
Universities and Nimilar laidies making annual grants to tho funds of the 
Institute Tt was also resolvod to fix the annual subscription for the pub- 
lications of the National Institute as follows : — 

Transactions, (separately per part), 

Proceedings , Rs 10 por annum, 

Indian Science Abstracts, Rs 25 por volume, 
and the combined subscription for all tho publications of the Institute at Rs.40 
per annum 

In order to make the publications of the Institute more widely known, 
the Council decided to oxtond the exchange distribution list. In this con- 
nection the Secretaries of Sectional Committees have been askod to prepare 
distribution lists in regard to their respective scionces. These lists have been 
referred to tho Publication Committee for their views 

Exchanges. 

Ten additional Societies and Institutions have been placod on the 
oxohange list for the Institute’s publications during the year, bringing the total 
number on the list to eighty (vide Appendix IV) 
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Library. 

Throe hundred and seventy books and parts of periodicals were added to 
the library during the year (vide Appendix V) The Royal Botanical Gardens, 
Edinburgh, who wore placed on the exohango list during the current year, 
very kindly sent a complete set of their publications (Proceedings and 
Transactions and Notes) for the lost twelve years 


Presents and Donations 

The following grants-m-aid have boon sanctioned dunng the year to the 
Institute • — 

(1) Rs.300 per annum for two years from the Government of HEH 
the Nizam. 

(2) Rs 6,000 per annum from the Government of India commencing wit h 
the financial year 1937-38 (The grant for the year will be received during 
the year 1938-39 ) 


Finance 


An audited statement of accounts of the National Institute for the period 
from 1st Bccemlicr, 1936 to 30th November, 1937 is submitted (vide 
Appendix VI) Tho total ordinary receipts for this period are Rs. 9, 294-1-0, 
inclusive of grants-m-aid amounting to Rs 1,300-0-0, and tho ordinary pay- 
ments Rs 13,392-12-0, showing an excess of payments over receipts of 
Rs 4,098-10-6. A »um of Rs 224-0-0 was realized on account of Admission 
Foes and a similar amount, was funded in terms of Rule 71. 

At tho liegmnmg of the year the cash position of the Institute was as 
follows • — 


In Havings Bank account 
,, Government paper 
,, Current account, 

,, hand 


In Savings Bank account, 
„ Government paper 
,, Current account, 

., hand 


Rs 

A 

r 

5,014 

8 

0 

33,000 

0 

0 

1,643 

8 

5 

15 

2 

6 

39,673 

2 

11 

' the Institute \ 

Rs. 

A 

P. 

2,089 

9 

0 

33,000 

0 

0 

700 15 

5 

8 

0 

0 

35,798 

8 

5 


Total 
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Rules and Regulations 

The following alteration in the wording of Section 8 of Regulation 4 
regarding Sertional Committees was adopted by the Council — 

‘ A Physiology Committee for Animal Physiology, Pathology, 
.bacteriology, Psychology and other medical and veterinary sub- 
jects ’ in place of ‘ A Physiology Committee for Animal Physiology 
and Medical subjects 


ArPKNlHOirS 

1 List of Follows. 

11 Abstracts of Proceedings of the Council 
III Committees, 1038 
IV' List of Institutions on tho exchange list 
V Periodicals rocoivod foi tho library 
VI Audited statement, of accounts, Dec. 19.(6 Nov 19.17. 
VII Budget Estimate, J)e< 1917-Nov 1938 
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ORDINARY FELLOWS. 


Abraham, Lt -Coi. W E V, ABCS (L), FOS.M Tnst P T . Senior Geologist, 
Dunnah Oil Co , Ltd , Burma, Khodaiuig, Magwe, Burma (1030) 

Aoharkar, S. P , M A , Ph D , F L.S., Ghoso Professor of Botany, Calcutta 
University, 35 Ballyganj Circular Road, Calcutta 
Ahmad, Nawr, M Se , Ph D , Director, Indian Central Cotton Committee’s 
Technological Laboratory, Matunga, Bombay 
Ajrkkar, S L , B A , I E S , Professor of Botany, Oujerat College, Ahmedabad 
Anandarao, K , Rao Bahadur, M A , I E S , Professor of Mathematics, Presidency 
Collogo, Madras 

Ash, W 0 , B Sc , M Inst C E , A M I Meeh E , Bengal Club, Calcutta. 

Aw ATI, P II , B A , D I C , I E 8 , Professor of Zoology, Royal Institute of Science, 
Mayo Road, Bombay 1 

Baoohbe, K D , D So., D I C , Mycologist, Imperial Forest Research Institute, 
Dehra Dun, U.P 

Dahl, K N , D.Se , D Phil , Professor of Zoology, Lucknow University, Lucknow 
Banebji, A. C , M.So., MA, FR AH, IKS, Professor of Mathematics, Allahabad 
University, Allahabad 

Banebji, S K , D Sc , Meteorologist, Meteorological Office, Poona 5 
Beeson, C F 0., D 8c , Forost Entomologist, Imperial Institute of Forest Resoarch, 
Dehra Dun, U P. 

IShakadwaja, Y , M.So , Ph D (Lend ), F L 8 , Professor of Botany and Head of 
the Department, Hindu University, Benares. (1837). 

Bhaskaka Shastri, T.P.MA.PRAS, Director, Nuamia Observatory, Hyderabad 
(Deooon) 

Bhatia, B L,DSo,FZS,FRMS,FASo, Dirootor, The Soicneo Press of India, 
13 Hotusingh Road, Lahore. (1937) 

Bhatnaoar, 8. S , O B E , D So , Umversity Professor of Chemistry and Director, 
University Chemical Laboratories, Lahore 

Bhattaoharva, D R , M 8c , Ph D , Dr 8s Sciences (Pans), Professor of Zoology, 
Allahabad University, 7 Malaviya Road, Allahabad 
Bomfobd, Major Out, R K„ Survoy of India, Dehra Dun (1935) 

Bose, D M,MA,B8c,PhD, Paht Professor of Physios, Calcutta University, 
92 Upper Ciroular Road, Calcutta 

Bose, O 8., D Sc , M B , Head of the Department of Experimental Psychology, 
Caloutta University, 92 Upper Ciroular Road, Oaloutta 
Bos«, 8. N , M So , Professor of Physios, Dacoa Umversity, Dacca 
Bose, 8. R , M A , Ph D„ F R 8 E , Professor of Botany, Carmichael Medical College, 
Caloutta. (1035) ^ ’ 

Bbahkachabi. Sea U. N , Kt , Rai Bahadur, M A , M D , Ph.D , F R A 8 B , K I.H., 
Phymoian, Medioal College Hospitals, Calcutta (Retired), 82-3 Cornwallis Street, 
Calcutta. 

Burns, W., D So , I A.S , Offg Agricultural Expert, Imperial Council of Agricultural 
Research. New Delhi (1935) 

Burridoe, W., DM, M.A (Oxon), Professor of Physiology, Lucknow Umversity, 


Burt, Sir B. C., Kt . C I E , M B E , B 8o , I A 8„ OlTg 
Counod of Agricultural Research, New Delhi, 


Vice-Chairman, Imperial 
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27 Caldbr, 0 0 , B So (Agr.), P.L.S , Formerly Director, Botanical Survey of India* 
and Superintendent, Royal Botamo Gardens, Sibpur, Howrah C/o Mosers 
Thomas Cook & Sons, Bankers, Berkeley Stroot, London 
28. Chakra vabti, S N , M So., D Phil , F C.S , Chemical Examiner to the Government 
of UP and CP, Agra (1935) 

29 Champion, H G , M A , Conservator ot Forests, Western Circle, Naim Tal, United 

Provinces 

30 Chattebjeb, G , M.Sc., Motoorologist-m Charge, Upper Air Observatory, Agra 

(1935) ‘ 

31 Chauiihuri, H, M Sc , D So , PhD, DTC, Reader and Hond of University 

Teaching in Botany and Director, Kashyap Research Laboratory, Punjab 
University, Lahore 

32 Chopra, B N , D Sc , F L S , Assistant Superintendent, Zoological .Survey of India, 

Indian Museum, Calcutta (I9'!5) 

33 Chopra, Brevet-Col K N.C1E, MD. ScD, FRA SB, RHP, IMS, 

Director, School of Tropical Medicine, Calcutta 
31 Chowt.a, S , M A , Ph D„ Professor of Mathuina) ics. Government College, Lahore 
35 Oouohman, Bkimauikr Sib Harold, Kt , D S O , M C , Formerly Surveyor General 
of India C/o Lloyds Bank Ltd , R Dept , (1 Pall Mall, London, S W 1 
30 Coitlson, A L , D So , D I 0 , F G S , Superintending Geologist, Geological Survey 
of India, Indian Museum, Calcutta (1935) 

37. Dastuh, R H , M So , Cotton Physiologist, Agricultural College, Lyallpur, Punjab 

38 Dapta, S,MSo,D8o,DIC, Professor ot Physics, Presidency Collogo, Calcutta 

(1935) 

39 Dry, B B , D Sc , F.l C„ T E S , Professor of Chomistry, Presidency Collogo, 

Madras 

40. Dilar, N. R, DSo, FIC, IES. Umvorsitv Professor of Chemistry, Allahabad 
University, Allahabad 

41 Dunn, .1 A , D So , D I C , F G S , Geologist Geological Survoy of India, Indian 

Museum, Calcutta (1935) 

42 Dunniulipf, H B , M A , So D , F I O , I K S . University Profossor of Inorganic 

Chemistry, Government College, Lahore 

43 Durr, S B , D So , Reader in Orgamo Chemistry, Allahabad University, Allahabad 

(1935) 

44 Evans, P , BA, F G S , Geologist, The Burmali Oil Company, Ltd , P 0 Digboi, 

45 Fermor, Sir Lewis L , Kt . 0 B E , D Sc , A R S M , M Inst MM, F G S , 

F R A S B , F R.S., Formerly Director, Geological Survoy of India. C/o Lloyds 
Bank, 0 PaU Mall, London, S W 1 

40 Forster, Sir Martin O , Kt , D Se , Ph D , F R S , Old Banm Mantap, Mysore City 

47 Fowler, G run rut J , D So , F L C , Consulting Chemist, Maokay’s Gardens Annexe, 

Grames Road, Cathedral P O , Madras 

48 Fox, C S , D So , M I Min E , Suponntonding Geologist, Geological Survoy of India, 

Calcutta. 

49 Gbh, E. R , M A , F G S , Geologist, Geological Survey of India, Indian Museum, 

Calcutta (1935). 

50. Ghosh, S L„ M So , Ph D., Professor of Botauy, Government College, Lahore 

51 Ghosh, J , M A , Ph D , Professor of Mathematics, Presidency College, Calcutta 

(1930) 

52 Ghosh, .T 0 , D So , Professor and Hoad of tho Department of Chemistry, Dacca 

University, Dacca 

53. Ghosh, P N.MA.PhD.ScD (Hon ). F.Inst P , Ghose Professor of Applied 
Physics, Calcutta University, 92 Upper Circular Road, Calcutta 
54 Glennie, Lt Col E A , D.8 O , R E , Survey of India, Dehra Dun 
65. Gravely, F. H., D.So , F.R.A.S.B., Superintendent, Government Museum, Museum 
House, Egmore, Madras 

68 Guha, B. S . M.A., Ph D , Assistant Superintendent, Zoological Survey of India, 
Indian Museum, Caloutta 
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57. Gotta, P. C , D So , Acting Professor of Organic Chemistry, Indian Institute of 

Science, Hebbal, Bangalore. (1935) 

58. Haiotow, J R,BSc,MRCVS,DV8M, Veterinary Research Ofttcar-in -charge 

of Serology, Imperial Veterinary Research Institute, Muktesar-Kumaun, U P 

59. Heron, A M.DSo.FUS.FROS.FRSE.FRASB, Director, Geological 

Surety of India, Indian Museum, Calcutta 

60 Hora, S L , Rai Bahadur, DSc.FRSE. FL8, F Z 8 , FRA8B, Asst 

Supenntendent, Zoological Survey of India, Indian Museum, Calcutta 

61 Husain, M Afzal, Khan Bahadur, M A , M So , I A S , Principal, Punjab Agricultural 

College, Lyallpur, Punjab 

62 Iyengar, M O P,MA, PhD, FLS, University Professor of Botany, Madras 

University, Triplioane, Madras 

63 Kapur, S N , Ph D , Imperial Forest Research Institute, Dohra Dun 

64 Kionxu, P K , D Si , Professor of Physics, Government College, Lahore (1935) 

65 KosHY, P K , F R C P , Professor of Anatomy, Medical College, Madras 

66 Kothari, D S , M Sc , Ph D , Reader and Head of the Physics Department, Delhi 

University (1936) 

07. Krishna, S , Ph D , D Sc , F I C , Forest Biochemist, Imperial Forest Research 
Institute, Dohra Dun (U P ) 

68 Kiuhiinan, K S , D Sc , Mahendra Lai Sinar Professor of Phyau s, Indian Association 

for the Cultivation of Scienoe, 210 Bow Bazar Street, Calcutta 

69 Kiuhiinan, K V.MBBS.LRCP.DB.DSi, Bacteriological Research Officer, 

School of Tropical Modicum, Calcutta 

70 Krishnan, M S , A R C S , Ph D , D I C , Geologist, Geological Survey of India, 

Indian Museum, Calcutta (1935) 

71 Lal, R B.MBBS.DPH.DTM&H.D.B, Offg. Director, All India Institute 

of Hygiene A Public Hoalth, Calcutta (1935) 

72. Law, S C , M A , B L , Ph D , M U O U , 50 Kailas Bose Street, Calcutta ( 1936) 

73 MaoMahon, P S , M Sc , B Sc. (Oxon), F I O , IRS, Professor of Chemistry, 

Lucknow University, Lucknow 

74 Mahajani, G S , M A , Ph D , M L.C , Principal and Professor of Mathematics, 

Forgusson College, Poona 4 

75. Mahalanoris, P C,MA,BSo,IES, Professor of Physics, Presidency College, 
Calcutta 

76 Maheswari, P , D Sc , Lecturer in Botany, Allahabad University, Allahabad (1935) 
77. MArrtiAi, George, M A , Sc D , FLS, F Z S , FILS E , Professor of Zoology, 
Government College, Lahore 

78 Mbkra, H. R , M So , Ph D , Reader in Zoology, Allahabad University, Allahabad 

79 Mehta, K C , Rai Bahadur, M So , Ph D , Professor of Botany, Agra College, Agra 

80 Miles, J P , M A , I C S , Secretary to H E the Governor, Stonylands, Shillong, 

Assam. (1930). 

81 Mitra, S. K , D Sc , Glinso Professor of Physics, Calcutta University, 92 Upper 

Circular Road, Calcutta 

82. Mittkb, P C„ M A , Ph.D , Palit Professor of Chemistry, Calcutta University, 
92 Upper Circular Road, Calcutta 

83 Mohammad, Walt, M A , Ph D , I E S , University Professor of Physics, Lucknow 

University, Lucknow 

84 Mowdawalla, F, N, MA.MIEE, Mem A.I E E , M I E , 301 Frere Road, Fort, 

Bombay 

85 Mukhkrjee, J N , D Sc , F C S , Ghose Professor of Chemistry, Calcutta University, 

92 Upper Circular Road, Calcutta 

86 Naik, K. G , D So , F I C„ Professor of Chemistry, Baroda College, Baroda 

87 Narayan, A L , M A , D Sc , F I.P , Director, Solar Physios Observatory, Kodaikanal. 
88. Nboqi, P , M A , Ph D , I.E.S., Senior Professor of Chemistry, Prosidenoy Collogo, 

Calcutta (1936). 

89 Normand, C W B , M A , D So , Director-General of Observatories, Motoorologicol 
Office, Poona 5, 
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AO Olver, Coi. Sin Arthur, C IS , (' M 0 , F It CVS, Animal Husbandly Expert, 
Iinpoual Council of Agricultural Research Now Delhi 
A1 Paranjpf, (1 K , M S< , A T l Si . 1 E S , Professor ol Physics, Hoyal Institute of 
Sc loiue, Bombay (10.17) 

92 Paranjpyf, H P , D Sc , Vice Phamelloi, l,uc know Umv unity, Irk know 

93 Pauija. P K , M A , II Sc , I E S , Piofi ssor of Botany, Ravenshaw College, Cuttnck 

94 Parkinson, C E , Deputy Conse.vator „t Forests, Mmbu Division, Mnibu, Burma 

(1936) 

93 Pkhcivai., F (I, PhD, PUS, Supoimtemlent of Mines and Qiiamos, Tuta Iron 
& Steel Co , Ltd , 1 Boldih Lnke Hoad, Jamshedpur (19.16) 

00 Philpot, H P , B Sc (Eng ), A M Tnst C E . M 1 Meth E . M J A E , M I M , Prim ipal 
and Jodhpiu Hnrclmge Professor of Technology, Engmeeiing College, Benares 
Hindu Umv ersit v , Kenans 

07 Pinfoi.t), E S , M A , E (1 S , (ieologist, The Attock Oil Co , Ld , Rawalpindi 
98 Prasad, U N , M Sc , D Sc , Ph D , Mathematics Department, \llahnhud University, 
Allahabad (1936) 

90 Prasad, Mata, D Se F l C , Professor of Inorgame and Physical Chemistry, Royal 
Institute ol Science, Bombay (101 r i) 

10(1 Prashad, Batni, D Sc , F R S E , F I. S , F Z S . F R \ S IS , Director, Zoological 
Survey of Tndia, Indian Museum, Calc utta 

101 Prutiii, H S , M Si , Ph D , Impel ml Entomologist, Imperiul Ague ultural Research 

Institute, New Delhi 

102 Qureshi, Mu/afaruddiv, PhD, Professor of Chemistry, Osmanm University, 

Hyderabad (l)ercnn) 

103 Rat, 11 Suntiara, Dew an Balimlm, M \, PhD. Dncctm of Fisheries, Madras 

(1036) 

104 Ramanathan, K It , M \ , T) Sc , Meteorologist, Colftlia Ohseivfttory, Romhav 
106 Rami.as, 1, A . M A , Ph D , Agrn ultmal Meteorologist, Poona ( 1936) 

106 Rancaswami Avvanoaic, (1 N, Bun llahadm 11 \, T \S, Mdlels Specialist, 

Agrif ultural Rescan h Institute, P () Law ley Road, Coimbatore, S I 

107 R\o, II Raws, Ml, I) K’, FOS, Direr ten. fleologicnl Survey Dc paitment, 

Mysore State, Bangalore 

108 Rao, C V Hanumcvtih, M \, Professor of Mathematics, Punjab University 

Lahore 

109 Raci, H Srinivasa, M A , D Se , Assistant Superintendent, Zoological Survey of 

India, IncliHU Museum, Cldc utta (1917) 

110 Kvo. K Ranciadhahms, D Sc (Madras and London) Reaelei in Phy sirs, Andhra 

University, \\ alt an (1937) 

111 Ray, It 11 . D St , Khairu Professor of Physios, Calcutta University, 02 Upper 

Circular Road, Calcutta (10J.6) 

112 Rav, J N, I) St, PhD, FIC, Professor of Organic Chemistry, University 

Chemical Laboratories, Lahore (193.6) 

11.3 Ray, Sir P C , Kt , M A . PhD, D Sc , FRASB, Emeritus Professor of 
Chemistry, Calcutta University, 93 Uppor Circular Rond, Calc utta 
114 Ray, P R . M A , Klmuu Professor of Chemistry, Culcuttn University, 02 Upper 
Circular Road, Calcutta 

1 10 Row, I,T Coi, R.MD.DSe.TMS (Hon ). 27 New Marine Lines, Bombay 1 
1 10 Roy, S C , Rai Bahadur, M A , B L , Editor, ‘ Man in India Rimehi 

117 Roydh, T , D Se , Formerly Director, Solar Physics Observ atoiy, Kodaikanal ; 27 

Rutland Road, South Port, Lams , England 

118 Saha, M N , I) Se , F R S , F R A S B , University Professor of Phvsics, Allahabad 

University, Allahabad 

110 Sahni, B , M A., Se I) , D Se . F U S , F R S . F It A S B , University Professor of 
Botany, Lueknow University, Lueknow 

120 Sarkar, P B , Dr ds So , A I C , Lecturer in Chemistry, Calcutta University, 92 

Upper Circular Road, Calcutta (1935) 

121 Sf.n, 11 M , M A , M Se , I E S , Principal, Presidency College, Calcutta. 
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122. Sen, H. K., M A , D So , D I C., Director, Indian Lao Research Institute, Namkum, 

Ranchi. 

123. Sen, J. M., B So . M Ed (Leeds), Dip Ed (Oxford), T D (London), F.R.G 8 , 

Principal, Knshnagar College, Knshnagar (1935) 

124. 8km, N R , D So , Ph D , Chose Professor of Applied Mathematics, Calcutta 

University, 92 Upper Circular Road, Calcutta 
125 Sengupta, N N , Ph D , Professor of Psychology, Luoknow University, Lucknow. 
126. Seymour Sewell, Lt -Col R. B , C I E , M A . 8c D , F R S , M R C 8 , L R C P., 
F Z 8 , F L 8 , Zoological Laboratory, Cambridge (1939) 

127 Skortt, Lt -Col H E, IMS. Director, King Institute of Preventive Medioine, 

Ouindy, Madras. ( 1930) 

128 Smiuqt, M R , M A , Ph D , Professor of Mathematics, Osmnnia University, 

Hyderabad (1937) 

129 Singh, 11 K , M A , Sc D , F 1 C . I E 8 , Professor of Chemistry, Science College, 

Bankipore, Patna 

130. Siwton, Lt Cor, J. A , V C , O B E , M.D ,DSc,DPH,DTM,IMS, Formerly 
Direotor, Malaria Survoy of India, Downside, Windmill Lane, Epsom, Surrey, 
England. 

131 Sircar, A C , M A , Ph D , Professor of Chemistry, President y College, Caloutta 

(1937) 

1 32 Sokhey, Lt -Cot 8. 8., M A , M D , D T.M & H . IMS, Director, Haffkme 

Institute, Parol, Bombay 

133. Soparkar, M 1),MD, BHy, Medical Officor, Plague Research Inquiry, Indian 
Research Fund Association, King Institute of Preventive Medicine, Uumdy, 
Madras. (1937) 

134 Spencer, E , D So , Ph D , F I C , A R,8 M , M I M M , F O S , Consulting Chemist, 

Bird & Co , Chartered Bank Buildings, Clive 8troet, Calcutta 

135 Srivastava, P L , M A , D Phil , Reader in Mathematics, Allahabad University, 

Allahabad (1935) 

136 Subrahmanyan, V , I) So , F I C , Professor of Biochemistry, Indian Institute of 

Science, Bangalore 

137. Sitlaiman, The Hon’blm Sir S M , Kt , M.A , LL D , Judge of the Federal Court 
of India, New Delhi (1937) 

138 Taylor, Col. J, CIE, DSC, MD. D.P H , I M S , Director, Central Research 

Institute, Kasauli (Simla Hills). 

139 Temple, F C . (Hony Col ) A F (I ), CIE, V.D , A D.C , 28 Victoria Street, 

London, S W. 1 (1937). 

140 Tirumurti, T S , Roo Bahadur, BA, MB & CM.DTM & H , Profeesor of 

Pathology, Medical Colloge, Vizagapatam. 

141 Trevor, Sir Gerald, Kt , CIE., Formerly President, Imperial Forest Rosoarch 

Institute, Dehra Dun 

142 Ukxl, A C,MB,MSPE, Tuberculosis Research Officer, All-India Institute of 

Hygiene and Public Health, Calcutta. (1935) 

143 Venkataraman, T S , Ran Bahadur, B A., I A S , Imperial Sugar Cone Specialist, 

P O Lawloy Road, Coimbatore 

144 Veneatesaohar, B , Rao Bahadur, M A , F Inst P., Professor of Physios, Central 

College, Bangalore 

145 Vijayaraghavan, T , Ph D (Oxon ), Reader in Mathematics, Dacca University, 

Ratnna, Dacca 

146 Viswanath, B , Rao Bahadur, F I C., Offg Director, Imperial Agricultural Research 

Institute, New Delhi 

147 Wadia, D N , M A , B.Sc , F G.8 , F R G S , F.R A 8 B , Geologist, Geological 

Survey of India, Indian Museum, Calcutta 

148. Ware, F, C I.E , F R C.V 8 , I V.8 , Director, Imperial Institute of Veterinary 
Researoh, Muktcsar-Kumaun (UP). 

149 West, W D., M A (Cantab ), Geologist, Geologioal Survey of India, Indian Museum, 
Calcutta 

150. Wheeler, T 8. Ph.D , F R.O So I., FIC, F Inst P., M.I Chem.E., Principal, 
Royal Institute of Soienoe, Mayo Road, Fort, Bombay 1, 
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101. Whaioht, E A, CIE, AR8M, MIM.M, FIC, Metallurgical Inspector, 
Jamshedpur 

HONORARY FELLOWS 

I Prof. Niels Bohr, N L , 15 Blegdamsvoj, Copenhagen 

2. Prof. Ludwig Diels, Director Uenoral ol the Botanical Darden and Museum, 
7 Khwgin Luise Strasso, Boihn-Dahlem, Germany 
3 Prof F O Dons an, F R S , Formerly Director, Sir William Ramsay Laboratoiy, 
University College, 23 VVobum Square, Loudon, W C 1 

4. Prof Albert Einstein, N L , Primeton University, New Jersey, USA 

5. Sir James G Fra/eh, O M , D 0 L , LL I) , Litt D , the Alliemarlo Club, London 

6 Sir Thomas H Holland, KCSI , H C T E , 1) Sc , F R S , Prim ipal ol the Urn 

veraity of Edinburgli 

7 Sir Frederick Gowland Hopkins, Kt , M A , D Sc , N L , F R S , Sir William Dunn 

Professor of Biocheiiimtiy in the University of Cambridge 
8. Sir Arthur B Keith. MD, FRCS, LL I) , FRS, Butkston Browne Kami, 
Downo, Farnbo rough, Keni, England 

0. Sir Guy A. K Marshall, C M.G , F R S , Director, Imperial Institute of Entomology, 
London. 

10 Prof. Robert Robinson, D Sc , FRS, Waynlloto Professor ol Organic Chemistry 
m the Dyson Perrins Laboratory Oxford University 

II Sir Albert C Seward, D Sc , Hon LL D , FRS, Formorly Mastei of Downing 

College and Emontus Profossor of Botany in tho University of Cambridge, 2(1') 
Cromwell Road, London, 8 W 0 

12. Sir Charles S Sii Mini noton, DM, GBE, NL, FRS, Formerly Waynlluto 

Professor of Physiology m tho University of Oxford, Brooinmdo, Valley Hoad, 
Ipswich, England 

13. Dr. C. M. Wknyon, C M G , C B K„ F R.S , Director m-chiel, Wollcomo Bureau 

of Scientific Research, 183 Huston Road, London, N W 1 


APPENDIX II. 


ABSTRACT PROCEEDINGS OF THE COUNCIL, 1937. 

[Note — These abstracts of tho proceedings of tho Council relate to questions dealt with 

which are likely to bo of interest to Fellows. Routine inattors and matters which 

are under consideration are not inoludod ] 

1 . The Council considered a letter from the Gov ornmont ol India i ogardmg suggestions 
for the agenda of tho Gonoral Assembly of tho International Council of Soientille Unions. 
(No. 5-19-4-37 ) 

(Not* . — A reply was sent to the Government ol India proposing that tho General 
Assembly may be requested to reconsider the method of dotenmning tho contributions to 
be paid by adhering countries which are at present fined on a population basis ) 

2. The views expressed by members of Council on the letters from tho Indian 
Academy of Sciences regarding (a) printing of the names of tho representatives of the 
oo-operating Aoademies on the covers of the Institute’s publications, and (6) modification 
of the rules to permit the appointment of persons who are not Fellows of the National 
Institute os representatives of the eo-operating Academies on the Council of the Institute 
were considered (No. 5 — -26-7-87 ) 

(Note . — The Council resolved : (a) to print the names in future in alphabetical 
order m each oase and withodt indication of the Institution represented, and (b) that 
it is not desirable to have on the Council of the Institute persons who are not Follows of 
the Institute, evon as representatives of the co-operating Academies ) 

3. The opinions of members of Council regarding the modification to rules to pormit 
the appointment of a representative of the Government of India on the Council of the 
Institute were considered. (No. 4—27 8-37 ) 
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(Note : — The Council resolved that in future only 24 members of Council be elected 
annually, the 25th plaoe being filled by the appointment of a representative of the 
Government of India from among the Fellows of the Institute in accordance with the 
provisions of Rule 44 ) 

4 The Council considered Prof V. Subrahmanyan’s letter regarding the mode of 
election of the Council of the Institute (No. 8-27-0 37 ) 

(Note —A Committee consisting of Prof M N Saha, Prof J N Mukherjee, Mr W 1) 
West, Dr A M. Heron and Prof. S P Agharkar was appointed to consider the question 
and suggest suitable alterations to Rulo 48, for consideration oi the Council.) 


APPENDIX III. 


COMMITTEES, 1938. 

SECTIONAL COMMITTEES. 

( 1) ‘ Mathematics ’ Committee for Mathematics, Astronomy and Geodesy — 

To serve until 
Dec 31 


Prof C V H. Kao 1938 

Prof N It Sen (Secretary and Convener) 1038 

Prof K Ananda Rao 1939 

Lt -Col E A Glennie 1039 

Pnnoipal G. S. Mahajam 1940. 

Principal B M Sen . . 1940. 

(2) 1 Physics ’ Committee for Physios and Meteorology — - 

Dr Nazir Ahmad 1938 

Dr C W B' Norm and 1938 

Prof B Venkatosachar 1030 

Prof D M Bose (Secretary and Convenor) 1039 

Dr. D. S Kothari . . . 1940 

Prof. S. K Mitra . 1940 

(3) ‘ Chemistry ’ Coinmittoo for Pure and Applied Chemistry — 

Prof. S. S Bhatnagar 1938 

Sir Bryce Burt . 1938. 

Prof. V. Subrahmanyan 1939 

Prof. J. N Mukherjee (Secretary and Convoner) . 1939 

Prof. B.B Dey . 1940. 

Prof. J. C Ghosh . . 1940. 

(4) ‘ Engineering Sciences ’ Committee for Engineering, Metallurgy, Electro -technics and 

kindred subjects . — 

Mr. W. C. Ash . 1938 

Mr. F N Mowdawalla (Sooretary and Convenor) 1938 

Mr. W E. V. Abraham 1930 

Mr. E S Pinfold 1939. 

Dr. G. Fowler 1940. 

Dr. E 8pencer 1940. 

(5) 1 Geology ’ Committee for Geology, Pabcontology, Mineralogy and Geography . — 

Mr. B. Rama Rao ... . 1938. 

Dr. A. M. Heron (Secretary and Convener) 1938. 

Mr. D. N. Wadia ... 1939. 

Mr. W. D. West 1939. 

Dr M. S. Krishnaa , . . . 1940. 

Dr. F. G. Peroival . . 1940. 
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(6) ‘ Botany ’ Committee for Pure and Applied Botany, Forestry and Agronomy • 


Ur. W Bums 1938 

Prof P Panja 1938 

Mr H 0 Champion 1939 

Prof K C Mehta . 1939 

Dr S L Qhoso 1940 

Prof S P Agharkar (Soo rotary and Convener) 1940 


(7) ‘Zoology’ Committee for Pure and Applied Zoology and Anthropology ini hiding 
Ethnology — 


Khan Bahadur M Af/al Husain 1938 

Ur B Preshad (Sooretary and Convenor) 1 938 

Dr B 8 Gulia 1939 

Dr H S Pnitln 1939 

Prof G Matthai 1940 

Dr B Sundara Raj 1940 

(8) ‘ Physiology ' Committee lor Animal Physiology, Pathology, Bacteriology Psychology 
and other Modical and Votoi mary subjects — 

Col ,T. Taylor 1938 

Mr F Ware 1938 

Bt -Col R N Chopra (Secretary and Convener) 1938 

Prof W Burndgo 1939 

Dr R B Lai 1939 

Prof N N Sengupta 1939 

Dr A C Ukil . 1940 

Lt -Col H E Shortt 1940 

Lt-Col. S S Sokhey . 1940 


APPENDIX IV. 

LIST OF INSTITUTIONS ON THE EXCHANGE LIST 


Bangalore 

3. Department of Agriculture, Mysore State 

4. Eleotncal Engineering Society 

5. Geological Survey Dopartmont, Mysore State 
6 Meteorological Department, Mysore State. 

7. Indian Aoademy of Scienoes 

8. Indian Institute of Seionee. 

9. Society of Biological Chemists, India. 


Bombay. 

10. Anthropological Society of Bombay. 

11. Bombay Natural History Sooiety 

12. Indian Central Cotton Committee. 

13. Royal Institute of Soienoe. 

Calcutta. 

14 Royal Agn.Horticultural Society of India 
15. Anthropological Sooiety of India. 

18. Bioohemioal Sooiety of India. 



AimtJAL aSPOKt 


id 


17 Botamesi Survey of India 

18 Oaloutta Mathematical Society 

19 Oaloutta Medioal Club 
30 Calcutta University 

21 Carmichael Medioal College 

22 Geological Mining and Metallurgical Society of India 

23 Geological Survoy of India 

24 Indian Association for the Cultivation of Soience 

25 Indian Chemical Society 

20 Indian Medioal Gazette — (Thacker Spink St Oo (1933) Ltd) 

27 Indian Physical Society 

28 Indian Psychological Association 

29 Indian Statistical Institute 

30 Indian Tea Association 

31 Institution of Chemists India 

32 Mining and Geological Institute of India 

33 Physiological Society of India 

34 Royal Asiatic Society of Bengal 
30 Science and Culture 

30 Survey of India Department 
37 Zoological Survey of India 


Coimbatore 

38 Indian Botanical Society 


Oonoor 

30 Pasteur Institute of Southern India 


Dacca 

40 Daooa University 
Debra Dun 

41 Board ol Management Indian Forester 

42 Imperial Forest Research Institute 


Hyderabad ( Deccan ) 

43 Department of Mines and Geological Survey HbU Nizam s Government 

44 Osmania University 

Indore 

40 Institute of Plant Industry 


Kooauli 

40 Central Research Institute 

47 Indian Journal of Medioal Research 

48 Malaria Survey of India 

Lahore 

49 Punjab University 


60 Indian Zoological Memoirs 
Madras 

51 King Institute of Preventive Medicine 
02 Madras Fisheries Department 
S3 Madras Government Museum 
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Mvktuar. 

64 Imperial Veterinary Research Institute 
Saggar (Punjab) 

55 Himalayan Research Institute, Rom ich Museum 
Seta Delhi, 

00 Imperial Council of Agricultuial Research 
Poona 

57 India Meteorological l)epoi tiuent. 

58 Indian Mathematical Society 


Ilanchi 

50 Indian Lae Research Institute 


60 Himalayan Club 


Foreign 

Canada 

61 Department of Mines, Ottawa 

62 Geological Sur\ey of Canaria, Ottawa 

China 

63 National Agricultural Research Bureau, Nankuig. 
Germany 

64 Chomisohes Zentralhlatt, Beilin 


Great Britain 

65 British Museum, Natural History Section, London 

68 Imponal Bureau of Plant Oenetus (for orops other than Horhago), Cambridge 

67 Imperial Bureau of Plant (lenetics ( Herbage plants), Vlrorystwyth 

68 Nature, London 

69 Patent Office, London 

70 Royal Botanic Gardens, Edinburgh 

7 1 Royal 8ooiety of Edinburgh 

72 Science Museum, London 


73 Departement van Eoonomischo Zaken, Batavia 
Uganda 

74 Geologioal Survey of Uganda. 

U.S.A. 

75 American Chemical Society, Columbus, Ohio 

76. American Museum of Natural History, New York 

77. Manno Biological Laboratory, Woods Hole, Mass 

78 Sonpta Mathematics, Now York 

79 Treasury Department, U.S. Public Health Service, Washington 
80. US Department of Agriculture, Washington 
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APPENDIX V. 


LIST OP PERIODICALS RECEIVED IN EXCHANGE OR AS PRESENTATION. 


Indian 


Agriculture and Livestock in India 

Annual Report of the Indian Central Cotton Committee 

Annual Review of Biochemical and Allied Research in India. 

Bulletin of the Indian Central Cotton Committee 
Bulletin of the Calcutta Mathematical Society. 

Bulletin of the Geological, Mining and Metallurgical Society of India 

Bulletin of the Hyderabad Geologioal Hurvoy 

Bulletin of the Institute of Plant Industry, Indore 

Bulletin of the Madras Government Museum 

Bulletin of the Mysore Coffee Exponmont Station 

Bulletin of the Mysore Geological Department 

Caloutta Medical Journal. 

Circulars of the Mysore Department of Agriculture 

Detailed Report of Experimental and Roeoaroh Work, Institute of Plant Industry, 
Indore 

Extracts from the Proceedings of the British Empire Forestry Conference, South Africa 
General Report of the Survey of India 
Indian Forest Records 
Indian Forester 

Indian Journal of Agricultural Scienoo 

Indian Journal of Veterinary Soionoe and Animal Husbandry 

Indian Medical Gazette 

Indian Physiao -Mathematical Journal 

Indian Zoological Memoirs 

Journal of the Anthropological Sooiety of Bombay 

Journal of the Geological Institute, Presidency College. Caloutta 

Journal of tlio Hyderabad Geological Survey 

Journal of the Indian Chemical Society 

Journal of the Indian Institute of Science. Bangalore 

Journal ot the Indiau Mathematical Sooiety. 

Journal of the Indian Medical Association 

Journal of tho Osmauia University College, Hyderabad 

Journal of the University of Bombay. 

Magnetic, Meteorological and Seismologioal Observations made at Bombay and Allbag 

Memoirs of the Geological Survey of India 

Memoirs ot the Indian Meteorological Department 

Mysore Agricultural Calendar 

Nagpur Umvorsity Journal 

Paheontologia Indie* 

Proceedings of the Indian Academy of Sciences, Bangalore. 

Proceedings ot the National Academy ot Sciences, India 

Proceedings ot tho Society of Biological Chemists 

Progress Report of the Institute of Plant Industry, Indore 

Quarterly Journal of the Geological, Mining and Metallurgical Souoty of India. 

Reoords of the Geological Sooiety of India 
Records of the Malaria Survey of India 
Reoords of the Mysore Geological Department. 

Report of the Botanical Survey of India. 

Report of the Haffkwe Institute, Bombay. 

Report of the Institute of Plant Industry, Indore 
Report of the Madras Fisheries Department. 

Science and jQulture. 

Scientific Monographs of the Imperial Counoil of Agricultural Research 
Scientific Notes of the Indian Meteorological Department 
Statistical Leaflets of the Indian Central Cotton Committee. 

Summary Proceedings of the Meetings of the Indian Central Cotton Committee. 

The Mathematics Student. 

Transactions of the Mining and Geological Institute ef India. 
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Foreign. 

Annual Report of the Geological Suivey Department of Uganda. 

Biological Bulletin of the Marmn Biological Laboratory. Woods Hole, Maas , U IS \ 

Benohte der Doutschon Chemmehon GoHollsohaft, Berlin 

Bulletin of the Canada Department of Mines 

Collected Reprints of the Woods Hole Oceanographic Institute. 

Experiment Station Record, U S Department of Agiioulture, Washington 
Himalayan Journal 

Journal of the American Chemical Society 
Memoirs of tho Canada Department of Mines 
Notes from the Royal Botanic Gardens, Edinburgh 
Proceedings of tho Royal Society of Edinburgh 

Papers m Physical Ocoanographv aud Meteorology, Woods Hole Oceanogiaphic Institute 

Patent Office Library — Suhjoet Lists, London 

Report of the National Agricultuial Rosoatch Uuteau, Nanking 

Report of tho Canada Department of Minos 

Scnpta Matheraatira, New York 

Symposium of the All Union Scientific Research Institute of Economic Mineralogy, 
Moscow 

Transactions of tho Edinburgh Meetmg ol tho International Union of Geodesy and 
Geophysics 

Tiansactions and Pm< codings of tho Botanual Sot ictv of Edinburgh 

Transactions of tho AU-Unum 8< icntiho Rosoaich institute of Economic Mineralogy, 
Moscow 
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APPENDIX VII. 


BUDGET ESTIMATE FOR 1937-38 





Budget 


1936 37 

1936-37 

Estimate f< 


Estimates 

Actuals 

1937-38 

Ordinary Receipts 





Rs 

Its 

Its 

Subscription 

5,000 

5,165 

5,200 

Interest 

1.150 

1,288 

1,200 

Contribution, for publication of Indian 




Soienoe Abstracts (including Annual 




subscription) 

1,200 

600 

500 

Sale of Publications 

250 

949 

500 

Grante-m aid 


1 ,300* 


Urant-in-aid from the Government of 




India for 1937-38 and 1938-30 



12.000 

Miscellaneous 


2 


Contribution from General Fund 

5,850 

4.009 



13,450 

13,393 

19,400 

Extraordinary Receipts 




Admission Fee 

320 

224 

320 

Ordinary Payments 




Salaries and allowances 

2,700 

2.590 

2,700 

Publications 

8,000 

8,217 

9,000 

Contributions to Science Academies 




under Rule 19 

1.000 

972 

1,000 

Furniture 

500 

397 

500 

Postage 

700 

570 

600 

Stationery 

200 

151 

150 

Auditor’s foo 

60 

50 

50 

Miscellaneous 

300 

44 6f 

600 

Refunded to the General Fund 



4,800 


13,450 

13,393 

19,400 

Extraordinary Payments. 




Funding of Admission Fee and 




Donation 

320 

224 

320 


* Includes Rs 300 for 1937 38 

f This amount includes a contribution <>t Hm 250 to the Silver Jubilee Session of 
the Indian Soienoe Congress 
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Since c 

Meetings of the 


r last Annual Meeting held at Hyderabad [under Brigadier Sir 
Harold Couehman] we have, 111 pursuance of a general 
Institute plan adopted last year by the Council, held a number of 
meetings in different, cities of India. A meeting was held 
during the Easter holidays at Allahabad , this was followed bv a symposium 
on the ‘ Malaria Problem in India ’ at Calcutta on the 27th and 28th August, 
1937 at the All-India Institute of Hygiene and Public Health The sym- 
posium was attended by a large number of medical and scientific workers from 
all parts of India Considering the large number of papers contributed and the 
high level of the discussions, it. may be considered to have been a great sin cess 
We also held on the 6th November, 1937, a meeting at Delhi which was 
attended by Fellows living in Northern India We hope that in future meetings 
will tie organized in other parts of India as well and that such meetings will 
lead to a fruitful exchange of ideas amongst scientists living in different parts 
of this continent and engaged in different pursuits. 
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Financial 

Problems 


Wo have continued the publication of the Proceedings, the Transactions, 
Publications An( l the Indian Science Abstracts two parts of which for the 
year 1935 have already been published On the occasion 
of the Sdver Jubilee of the Indian Science Congress, a Report on the 
Progress of Scientific Research during the last twenty-five years has been 
prepared, and this will be followed by our Annual Reports on the Progress 
of Science in India. This will complete the series of our publications We 
have to thank our general editor, Dr Baini Prashad, for the meticulous care 
with which he has edited these publications 

Financial problems have been a sonroe of anxiety to our (Council 
Scientific bodies like ours can never be self-supporting 
Our proto-type, the Royal Society of London, gets a 
grant of about £8,000 from the Government of the United 
Kingdom towards its publications. In the first year of our existence we 
applied to the Government of India for an annual grant We are glad to 
announce to you that the Government of India has sanctioned an annual grant - 
m-aid of Rs 6,000 commencing from the financial year 1937-38. Our grateful 
thanks are due to the authorities for this grant This grant has, for the time 
being, relieved to some extent our difficulties, but it is not sufficient to meet 
all our requirements. The excellent get-up of our publications has naturally 
encouraged our Fellows to send their papers in increasing numbers to the 
Institute, and this has addod to our burdens 

Up to this time, we have been helped by the Royal Asiatic Society of Bengal 

which has very generously placed at our disposal an office 
Need for a . . 

Permanent Office room 1,1 their premises. Owing to increase in the work of 
the Institute, this accommodation is proving insufficient, 
and the Council will soon have to consider the question of finding suitable 
accommodation elsewhere 


This year, the Institute has suffered t-everc losses by the death of several 
distinguished Fellows 

Dawan Bahadur Dr. L K AnantakriHhna Iyer, one of our Foundation 
Fellows, who died on the 26th February, 1937, m his native 
Ananta^rtahwa Vl ^ a ^° Lakshtmnarayanpuram, Palghat, at the age of 75, 
Iyer was one of a small band of distinguished Indians who did 

pioneering work in Indian Anthropology Dr Iyer made his 
mark in Anthropology with two volumes on the Cochin Tribes and Castes, which 
he published in 1909 while Curator of the Museum at Trichur and Superintendent 
of Ethnography of the Cochin State. His great reputation as an anthropologist 
led to his being invited by the late Sir Asutosh Mukherjee to organize the 
Department of Anthropology of the Calcutta University. He has enriched 
Indian Anthropology by many contributions and by his death India loses a 
pioneer who made the civilized world familiar with the habits and customs of 
some primitive tribes of India 
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Late during the last year we had to mourn the loss of Sir Jagadish Chandra 
Bose, one of oui Foundation Fellows He was the first 
Sir Jagadish j n( jj an attain international reputation and that by virtue 
Chandra Bose, r - 

D.Se., F.R.S. °* hls scientific work The present generation of Indian 
scientists can have very little idea of the struggles of our 
early pioneers of Science, Sir J C Bose and Sir P C Bay, for it happens very 
frequently that those who eat the cake are very apt to torget thoso who ground 
the com and kneaded the dough for them As my friend Dr Birbal Sahm has 
put it ' — ‘An incredibly long period of degradation separated” us from a great and 
proud past. Indians were known only as dreamers and philosophers, their right 
to be heard as scientists was only laughed at India will for ever rememlier 
Sir J. C Bose as the pioneer who broke this spell ’ Early in the nineties of the 
last century Bose, while a subordinate professor of physics at the President 
College, Calcutta, was inspired by the researches of Hertz in Germany, who, 
followmg Maxwell’s theoretical works, had produced electro-magnetic waves 
in the laboratory With crude apparatus of his own design and without 
guidance from any quarter, and amidst innumerable difficulties, Dr Jagadish 
Chandra Bose, then 36 years of age, repeated all the experiments of Hertz, 
at the laboratory of the Presidency College, Calcutta Further, with the aid 
of ingenious apparatus of his own design, he produced extremely short electro- 
magnetic waves, which closed the gap betwoon light waves and electric 
waves He was one of the first to realize and perform experiments proving 
that Hertzian waves can lie used for the propagation of signals, hut in this 
work he was forestalled by the voting Italian Marconi With a little more 
luck and a better environment, he might have gone down to history as the 
discoverer of Wireless Telegraphy Later in life, he turned his attention to 
the solution of a great problem, namely the Problem of Life , how inanimate 
atoms combine to form substances which give rise to the phenomenon 
of life This problem, so long the theme of innumerable speculations by 
magic men, founders of religions and philosophers, was for the first tune 
attacked m an entirely novel way, viz with the aid of physical instruments 
Ho devised marvellously sensitive physical instruments (c g the Magnetic 
Crescograph) for recording the phenomenon of growth decay, and death duo 
to natural as well as to artificial causes, and also for solving other asso- 
ciated phenomena, such as for example the ascent of sap in plants Though 
his conclusions have not m general been accepted, it will be conceded at all times 
that he taokled a great problem from an entirely new and probably the only 
point of view which is likely to lead to success Probably this problem will 
be nearing solution after the discovery of Induced Radioactivity, and attacks 
on the problem of life by physical methods have been started by Profs Bohr, 
Krogh, and Von Hevesy at Copenhagen, and the Curie- Joliots at Paris If 
the problem is ever solved the scientific world will probably remember that 
,t was an Indian savant who first conceived it. 
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We have also suffered very heavy losses in our Honorary Fellows. Lord 
Rutherford of Nelson whose loss we mourn to-day was elected 
Lord Rutherford our Foundation Honorary Fellow in 1935, We all expected 
of^Nelson, O.M., that he would be present here thiH week and guide the deli- 
Laureate berations of the Silver Jubilee of the Indian Science Congress. 

But it is an irony of fate that we have to mourn his loss 
to-day, and the address, which is the last written work of the great scientist, 
has to be read by Sir James Hopwood Jeans, who agreed to preside in his place 
Lord Rutherford Whs the foremost among the experimental physicists of the 
present time and probably of all times and his place is m the same company 
with Faraday and Newton As the discoverer of the law of spontaneous dis- 
integration of radioactive atoms, of the nuclear theory of atoms and as the 
pioneer who was the first to realize the mediaeval alchemists’ dream of trans- 
mutation of elements, Rutherford has for all times an assured place m the Hall 
of Immortals. His influence spread so rapidly that he oasily attained leadership 
amongst British and international men of science, a leadership whioh he utilized 
for the benefit of his country and of the world 

In this connection, I may be permitted to add a few personal reminiscences. 
I visited Cambridge in June, 1936 and had the privilege of interviewing Lord 
Rutherford at the Cavendish Laboratory. The offer of the Indian Science 
Congress Association and the British Association to preside over the joint 
session (Silver Jubilee Session) had just then been communicated to him, but 
he was still hesitating in his mind whether to accept or reject the offer 
His main difficulty was, as he explained to me, that aB he had no first-hand 
knowledge of affairs m India, he did not feel quite comfortable in accepting 
leadership on such a historic occasion. We had a long discussion — lasting for 
about an hour — and I conveyed to him as much information as possible, 
regarding the utility and needs of scientific research in India. We went very 
thoroughly into the existing state of scientific education and research, the 
scope of work of the existing research institutions, and the need for further 
and more efficient organization of research work in India for the service of the 
nation. He took notes about our conversation and it was a pleasant surprise 
when I found that almost half of his address which was read to us by 
Sir James H. Jeans was devoted to these topics His address is his last written 
work, and should be regarded as a message not only to Indian scientists but 
also to Indian administrators, public men and philanthropists It empha- 
sizes, in the clear and concise language characteristic of Rutherford, the need 
for greater recognition and encouragement of Science by the State and the 
leaders of society. 

Prof. Albert Heim, who was elected Honorary Fellow in 1936, died on 
Prof Albert August 31, 1937, at the npe old age of about eighty-nirte 

Heim years. He was a very great man whose name is intimately 

connected with the structural interpretation of the Alps. 

Heim was Professor of Geology at the Polytechnic and at the University 



PRESIDENTIAL ADDRESS. 


27 


in Zttnch from 1873-1911. Ho was the author of a three-volume work on the 
Geology of Switzerland which is recognized as perhaps the finest national 
text-book ever written 

Besides tectonics he was interested in many other aspects of Geology, 
particularly the glaciers 

He was Director of the Swiss Geological Commission from 1894-1925, 
and was the recipient of honorary doctorates from Bern, Oxford and Zflrich 
and waH elected a Foreign Member of the Royal Society of London 

Our first President, Sir Lewis Fermor, laid down the rule that the President 
of the year should deliver an address dealing with the particular subject in 
which ho lias earned out original research in a way which will lie quite com- 
prehensible to scientists working m other lines If l follow this advice, 
T should deliver an address on Astro-Physics, a subject to which I have made 
some little contribution I have purposely refrained from attempting an 
address on this subject liecause we have this week two of the world’s 
leading astro-physicists among us, viz Sir James Hopwocxl Jeans, the President 
of the Silver Jubilee Session of the Indian Science Congress, and Sir Arthur 
Stanley Eddington Tt appears to me that 1 shall lie on saler grounds if in the 
presence of these distinguished astro-physicists, I talk on a subject to which 
to the liest, of mv knowledge, thev have not contributed anything and are not 
likely to contribute anything I would like to invite the attention of the 
scientists gathered here to a problem of practical scientific importance on which 
the welfare of millions of our countrymen depends Tt is about the problem of 
Indian rivers. My address would lie an introduction to the symposium on 
River Physics which has been organized under the joint auspices of the 
National Institute of Sciences, the Indian Science Congress, and the Indian 
Physical Society I have to thank the other distinguished scientists, geolo- 
gists, zoologists, ongmoers and mathematicians who have generously responded 
to my invitation 

II Problem op Indian Rivers. 

1. Introduction. 

You would probably like to know why I chose this particular subject for mv 
address I have on the screen two maps of India (Maps 
Indian Givillza- [ anf i 2) , the first, which I have reproduced from Sir 
River matl Valley ^ ^ Fermor’s presidential address to the Indian Science 
Civilization Congress in 1932, shows that India is vast enough to 

accommodate all the countries of Europe except Russia 
The second is a population map of India You will observe from this that 
the Indian population is still mainly concentrated in the valleys of the 
great rivers which intersect this continent. With a few exceptions, the great 
cities which are centres of industry, culture and administration are 
mostly to be found on the banks of the great rivers. If we go back m 




Map 2. 
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time and survey our past history, which oan now be traced to 4,000 j ears 
before Christ, we shall find the same story , my own studies in the 
history of our country have confirmed me m the belief that even 200 
years ago, there was a very scanty population m the country away from t he 
banks of the great rivers. 

In fact, this condition is not peculiar to India Human civilization on 
this globe of ours has, sinco time immemorial, chicfiv 

Rivers eMen a about riverH and river basins Who can com eivo 

for agricultural 

communities ^gypt without the Nile, of ancient Sumer and Bain loll 

without, the Tigris and the Euphrates, and of China 
without the Hoang-ho (the Yellow River) and the Yangtsekning 1 The 
early growth of settled human life in riser Itasins is to lie ascribed to the 
fact that rivers supplied the largest amount ot needs of early societies 
which were mainly agricultural They supplied them with the all-important 
water for drinking, bathing and other domestic uses and for irugating 
their fields Rivers also formed the indispensable highway of communi- 
cation before the discovery of the steam locomotive Since livers were «u 
important to human life m its earh slages of cultural development, 
convenient sites oil them used to diaw large populations and such sites 
gradually grew to be great citios and capitals of nughty empires 

The rise of maritime civilizations like those of Greece (centred round 
the Aegean Sea) and of Rome (centred round the 
New Pathways Mediterranean Sea), which was due to the extension of 
of Human 

Activity human activity away from riparian tracts, did not at all 

dimmish the importance of rivers, though development of 
maritime activities gave rise to new centres of population like sea-ports But 
these were generally clearing houses for the country products, which wore 
produced in riparian tracts In modern times, the growth of large-scale 
human activities and of the factory systoin has given birth to new centres of 
population which are in many cases away from rivers, but as the largost part 
of humanity has still to depend oil agriculture, the rivers have not lost 
their importance to mankind Moreover, in recent times, in addition to agri- 
culture, novel uso has been found for rivers In the first, place, for 
convenient and cheap transport of goods it. has been found that no other 
method of communication can beat river transport Secondly , some of the 
nvers, if properly harnessed, can supply electrical power whn h is all linjiortant 
for the development of industry and for other human needs in the present 
century. 

2 Rtve.ra need aHentxon 


The importance of rivers may be gauged from such phrases as ' Egypt 
is the gift of the Nile ’ But experience has also shown 
Irrigation an anc j ^is was also known to early human communities that 

ancient art 

rivers need attention. First of all, there is the annual 
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STSe biunvi ccwnnnifty 

fatoSm in different ways was practised on a stupendous scale in 
^ Egypt, Babylon, old China, as well as m India In fact, 

Irrigation In the ex j at enco of the community depended upon the success- 
ancient countries ^ of irngatlon In Mesopotamia, the two rivers 

the land, the Sumerians , five thousand years ago, out canal. 

Ltem from the attacks of external enemies and from the harmful cfteit 

i iT“ 

Hufagu'^Khan conquered the country, and systematically destroyed the canal 
system by blocking the mouths of canals and allowing them to fall mto decaj 
C Which up to the 13th century, contained the greatest cities of those times 
in the world (e'g Baghdad) and was farfamed for its culture and prosperity, has 
nnver recovered from this catastrophe 

While the Babylonians praetwml I»™nnn,l .rrigaMon, the Egyptians 
practised ' Baain Irngatlon ' from timo immemorial They 
Modernisation auXlcm sly waited lor the Nile to overflow its banks whic 1 
of Egyptian did wjth c ] oe klike regularity, and then held up the 
irrigation ihtamog earthen mounds round their fields In 

Assouan and other dams across the Nile. This has allowed Egypt to raise 
two to throe crops in the year. 

3, Irrigation in Ancient India 

It is well known to every reader of history that irrigation has been practised 
from^ time immemorial in Lia, but owing to the vas.ness of the country 
, . _ nr(L0 Hsed has not been uniform as in Egypt or Babylon During 

the tLbJm. day. which en.ned after the weakening " f th " 
about 1740 AD , and the re-establishment of settled rule under the Bntis 
ab^nt 1800 A.D., most of these ancient systems had fallen into decay but 
to enable a. *> <bm » ** * ^ 

irrigation was practised in different parts of the country. 
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1 place before you an Irrigation Map of Modem India (Map 3), just to 
illustrate the particular features of irrigation in different 
Indlan™rrigatio°n P arts countr y. First of all, there are the arid areas of 
in former times ^i n< l and Southern Punjab which receive very little rainfall 
Then come the precarious areas (areas ot scanty rainfall) 



Map 3. 

(Adopted from Oeographu Univer&Me, Tome DC, 1929.) 
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of the Punjab. Here, in ancient times, water was tapped by canals which 
were cut off from the banks of the rivers. The canals were filled with water 
only during floods The western part of the Ganges valley does not suffer 
so much from defect of rainfall, but there are wide tracts m this part which 
are far away from the banks of the maul rivers, and from which rainwater 
drains off quickly. The problem is to bring water to these areas by means of 
perennial canals Southern India again presents a different aspeot In the 
centre it is a table-land, and the rain, which falls mostly within a short 
period, drains off quickly to the eastern sea. Ancient rulers held up the 
water by throwing dams across convenient sites on river courses, and thus 
creating reservoirs and artificial lakes from which water could be tapped for 
agricultural purpose whenever necessary This is sometimes known as storage 
or tank irrigation. Besides these areas, we have in India the lower basins of 
the rivers, where the flow is perennial, and the deltaic regions, where in 
addition the rainfall is abnormally large. These areas present quite different 
problems, but to these I will refer later on 

The successful practice of irrigation demands organization, settled govern- 
ment and scientific knowledge. Were ancient Indiuns capable of attacking 
the problem on scientific lines 1 To the western world, India was known as 
a land which for all ages has been full of unpractical dreamers and philo- 
sophers. It was a mild shook to the West when, in 1909, an old Sanskrit 
manuscript, Kautilya’s ‘ Arthasastra ’, was discovered 

This book reveal* a different type of Indian mentality. Prof W E 
Clark, Head of the Department of Sanskrit at the Harvard University, says — 
‘ The discovery in 1909 of the Kautiliya-Arthasastra has opened up an 
entirely different world of life and thought in ancient 
Indian MLtmTTn from that represented by the religious and plnloso- 

ancUnt times phical literature of the Veda. Accounts of ancient Indian 
civilization based entirely on this religious literature aTe as 
misleading as would be accounts of early European civilization based entirely 
on the Church Fathers. 


‘ The book deals with every phase of government as regulating all matters 
of worldly life — a government which was not dominated by the priesthood but 
which was highly practical and empirical Sections are devoted to precious 
stones, ores, metallurgy and mining, roads, trade routes and irrigation, 
medicine, trees, plant and poisons, ships and shipping, cattle, horses, and 
elephants, chemistry, mechanical contrivances, and other technical matters ’ 
(legacy of India by Garret.) 

We learn from this book that the great Maury an Emperors, who in the 
third century before Christ ruled over a land bigger than 
thT^ t ^uryan t * ie P re8ent ' British Indian Empire, main tamed a regular 
Emperors department of irrigation and navigation The officers 

looked after the maintenance of irrigation canals, levied 
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taxes on water, and controlled navigation An inscription found at Gimar m 
Kathiawar peninsula tells us that by the orders of the Emperor Asoka a great 
water storage tank called the Sudarshan lako was constructed by his 
Governor, the Persian Tusashpa, by throwing a masonry dam across a mountain 
pass. According to later inscriptions, it was twice repaired Once by the 
Saka Satrap Rudradaman (160 AD) and then by the Gupta Emperor, 
Skandagupta (460 A D ) Southern India ih full of huge storage tanks used 
for irngation which testify to tho ancient rulers’ solicitude for the storage' 
and judicious use of water 

Another famous irrigation work was the Grand Anient on the Cauverv 
nver, where it begins to form a delta (see Map 3) This was const nuteil b\ 
the Hindu rulers of the First. Century A D , and was in continuous use up 
to the 10th century, when it was repaired bv Sir Arthur Cotton, the pioneer 
of large-scale irrigation m this country under the British regime 

The riparian area of India consists, besides the regions mentioned above 
The Gan etlc ^' e * oWer reac ^ 0M the nveis where they liegin to form 
Delta deltas The physical condition of these areas and tin 

life of tho rivers are quite different from tho c e in the upper 
sections You will have some idea of these regions if you look at the delta 
of the Ganges river Up to Rajmahal, the Ganges re< eives only tributaries 
hut lielow it, the river flows through sott soil and divides itself into a 
labyrinth of channels The land is low and subject to inundations during 
the monsoon season There is a great diftotence of opinion as to whether the 
ancient rulers tried at all to prevent, these rivers from leaving their beds, 
finding out new channels and eroding villages and cities, ns wc find them 
doing now. 


4 Long Period Changes in Rivet ('outset 

I have given you an imperfect sketch of the usual r6gimc of nvcrs in 
ancient times Besides the periodic changes connected with seasons, certain 
long period changes in the course of rivers have been noticed by com|>etent 
authorities, the cause of which is still hotly debated amongst Geologists, 
Surveyors and Historians. You may have an idea of these long period changes 
•if you look at the two maps before you Map 4 represents tho alignment of 
the Punjab rivers about two thousand years ago You will see from this that 
the Punjab nvers have a tendency to change their course and that they 
generally move west. There is a fight going on between the deserts and the river 
valleys The desert is constantly encroaching on the rivers and pushing them to 
the North-West. Is it due to some deep-seated tectonic action whose influence 
is accumulative or has there been a ohange in the course of the monsoon tracks 
of rain-clouds ? There can be no difference of opinion regarding the reality 
of these changes. The Archaeological Department of the Government of India 
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has found, besides Harappa and Mahenjodaro, a large number of oities buried 


The Punjab 
Rivera 


under the sands of Sind and Rajputana. These oities oould 
not have existed unless there was more plentiful supply of 
water in these regions 5,000 years ago than is to be found 


now. It has been surmised that the North-Western monsoon, which gives 


the Punjab a oertain amount of rainfall during winter and is very beneficial for 
wheat cultivation, used formerly to have a more southerly course, and passed 
over Sind and Rajputana. It is further supposed that the rivers of the 


Eastern Punjab used formerly to unite in a powerful course and flow in a 
separate channel, parallel to the Indus, to the sea, thus giving Sind all the 
advantages of a land between the two rivers, tho Indus on the west and the 
Saraswati on the east. It is surmised that the lower course of the Saraswati 


ran dry during Vedic times and its original course is marked by a dry 
channel The other rivers have moved away from their courses generally to 


the west. What has been the oauses of these changes m the courses of nvere 
which have taken place within historical times ? My fnend Mr. Wadia of 


the Geological Survey of India who deals more extensively with these matters 
tells us that many of the rivers are more ancient than the land, and sur- 
mises that these changes arc due to crustal movements 
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When we turn to the deltas of the Ganges and the Brahmaputra (Map 5), 
we find that throughout historical periods, constant changes 
The Ganges- have been going on in the lower courses of these rivers, 

Brahmaputra- 0 }j an g es w h[ C h have exerted a far-reaching mfluonoe on tho 
System carries , , . , , " 

largest volume of eoonomic an< * political condition of the countries through 
water which they pass The total length of the Ganges is only 

1,500 miles wholly in India and that of the Brahmaputra is 
1 ,800 miles of which 800 miles are in India The length of the river courses 
may give one a false idea of the actual importance and the stupendousness of 
the geological changes caused by these rivers for though the Ganges is rather 
short compared with tho other great rivers like the Yangtsekiang in China or 
the Mississippi in the U.S.A , careful measurements have shown that her peak 
discharge during the monsoon period exceeds that of the Mississippi and is 
seven times that of the Nile The discharge of the Brahmaputra is about one 
and a half times greater than that of the Ganges These circumstances, 
combined with the fact that they flow over a comparatively small region, have 
made these nvers unique objects of interest. 

This will be apparent from Map 5 which I am exhibiting before you 
This shows you tho courses of the Ganges and tho Brahma- 
Recent changes p U tra rivers over tho lower reaches only 150 years ago 
of water courses with their present courses You will see how 

In the Ganges- A , 

Brahmaputra are the changes which the river systems have under- 

Delta gone. In fact, with respect to these lower deltaio regions, 

it can be said that the geography is changing m irkodly 
within tho short period of a century. You find that some of tho ancient 
water courses have entirely disappeared and new systems, which did not 
exist two hundred years ago, have come into existence The Ganges and 
the Brahmaputra 200 years ago used to discharge their waters by two sejiaratc 
courses which were about 150 miles apart from each other. There was a third 
system of water courses between these two which, flowing through Northern 
Bengal, used to discharge its water independently into the sea or into one 
of these two rivers But great changes occurred between 1787 and 1818, 
due to causes which are well known, and now the mam streams of the Ganges 
and the Brahmaputra unite 200 miles inland. This has caused widespread 
changes in the topography and the economio life of these regions. These 
wide changes are characteristic of all the rivers in the whole of Bengal and in 
Assam and to a much lesser extent of the deltas of the Mahanadi river of 
Orissa. Are these changes partly due to some deep-seated forces or to the 
natural surfaoe action of the rivers which, unable to carry their heavy load of 
silt, go on depositing it on their bods and banks, and are ultimately forced 
to seek new channels ? Scientists will take a long time in answering such 
questions, but it is needless to say that these changes have caused great 
dislocation of human life— old cities have been eroded, prosperous country-areas 
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have been washed away, swamps have been formed and regions once populous 
have been ravaged by malaria. Can these changes be controlled at all ? 

5 Problem of Deltaic Cities. 

Besides causing widespread changes in rural areas, the deltaio rivers 
have played havoc with the ancient cities, results of cen- 

u ne es n tur j eB 0 f pa t len t and concentrated labour by ancient rulers 
Deltaic Areas ' . 

and communities. Most of the ancient cities famous in 

tradition in this country and playing a great part in its political history grow 
on their banks, or on the banks of their tributaries Nobody has yet given a 
full and consistent account of,the causes leading to the rise and growth of 
these cities, nor has told us how far the phenomena of the growth and decay 
of states connected with them were due to the action of the rivers Wc are 
usually apt to ascribe growth and decay of countries only to political causes, 
but a deeper probing into facts shows that this is not the whole story A 
few examples will show. Ancient Pataliputra which was the capital city 
in India from the 6th century B C to about the 5th century A.D — an interval 
of nearly a thousand years — owed its importance to its position as an important 
trade centre at the junction of 5 rivers (the Ganges, the Sone, the Ghogra, 
the Gandak and the Punpun, see Science and Culture , Vol 2) at a time when 
rivers were the mam channels of communication It now lies buried under the 
present city of Patna at a depth of 17 feet below the ground level Its destruc- 
tion was due, as authenticated historical tradition tells us, mostly to destruc- 
tive floods It appears that in the deltaio regions, tho level of a city gradually 
goes down while that of the surrounding country rises, so protective bunds 
have to be constructed to keep the flood water out But sometimes, parti- 
cularly if the city is between two rivers, as was the case with Pataliputra, and 
there is simultaneous flood in the two rivers, these bunds give way, causing 
destructive floods and depositing thick layers of silt Modem excavations have 
shown that ancient Pataliputra used to be very often visited by floods, and 
ultimately disappeared under the silt deposit. It is quite probable that 
the disappearance of Magadhan supremacy after the 6th oentury AD in 
Indian politics may be duo to the destructive action of rivers on the chief 
cities of Magadha which the rulers were unablo to gauge and control 

Those who have read the story of the discovery of the Indus Valley 
civilization the sumptuous volumes published by the Aroheeological Survey 
of India are aware that many prosperous oities in the lower Indus Valley 
had to be deserted because they used to be very often visited by floods or the 
rivers changed their courses and deserted the cities The whole Indus Valley 
is full of dead sand-buried oities along the old course of the Indus. Another 
Destruction of menaoe *° cities on river banks is the possibility of the 
Gaur formation of unhealthy swamps in the neighbourhood which 

may give rise to catastrophic epidemios. An example is 
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ftfiorded by the story of the city of Gaur which from the 5th century A D to 
1576 A D. formed the capital ot Eastern India It was situated between two 
branches of the Ganges river, and another large tributary, the Mahananda, 
flowed near by A vnry unhealthy swamp grew in its rear on account of 
changes m the river course and, possibly due to the lowering of the city level, 
the drams in the cities could not discharge the Heworage to the rivers properly 
The result was the outbreak of an epidemic which swept away the majority 
of the population about the year 1575 and the vast utv, which was estimated 
by the Portuguese merchants of the 16th century to contain a population 
of over two millions, now remains buried under an overgrowth of jungle 

A similar fate seems to be slowly overtaking the present city of Calcutta 
which is the successor of Pataliputra and Guur as the 
Calcutta may p rcnucr cl ty m Eastern India , its level has gone down 
Patallputra^and two hundred years of its existence bv about 2 to 

Gaur 4 foot below the level of the surrounding count tv and the 

drains from the city can no longer discharge their refuse 
matter to the surrounding river channels without, pumping The pioblctn ot 
Calcutta's drainage has been before the public for a long time but, no satisftie- 
tory solution has been found My friend, Mr S 0 Majumd-ir of the fingatum 
Department has dealt exhaustively with this problem Will the citizens 
of Calcutta profit by his advice or allow their city to run to destruction 
like Pataliputra and Gaur * The case of Calcutta also confirms the belief 
that in deltaic regions the level of cities has a tendency slowly to go down, 
while that of the surrounding country gradually rises The result is that 
city sewerage does not flow through the drams, unless artificial methods arc 
undertaken, and the city gradually becomes unhealthy In fact, us has been 
remarked, Calcutta may be buried m the near future m its own sewerage 
These slow changes therefore deserve more study and attention than specta- 
cular catastrophes like a Hood In fait, a look at the mins of old titles in 
the deltaic regions is sure to produce the convict um that a satisfactory 
motliod of city-planning in such regions has yet to be evolved 

6 Modern Times 

When the administration of this country devolved upon the British nearly 
two centuries ago, the task of maintaining all the ancient irrigation channels 
and storage tanks and keeping the rivers in order foil on their shoulders Prom 
the very first the Government of India took the greatest, amount of 
interest in irrigation work and it is estimated that a total capital of 150 
crores of rupees has been invested in constructing new irrigation channels, 
building storage dams and repairing old works According to the report of the 
Central Irrigation Board, about 30 million acres of land m India are being 
irrigated by these artificial canals which total nearly forty thousand miles in 
length. Of these, 22 millions are officially regarded as productive and the 
remaimng 8 millions have been officially admitted to be unproductive, Wc 
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have to oonsider whether the amount spent under irrigation has been sufficient, 
whether there is still room for improvement and expansion. What was the 
cause of a large percentage of works being unproductive t 

On account of the peculiar orientation of the mountains and the seas, 
India is the recipient of a large amount of monsoon rainfall 
Further Scope f rom ^ho Bay of Bengal as well as from the Arabian Sea, 
Irrigation within a short time. It is estimated that of the total 

rainfall on this continent, nearly 60 per cent gets evapor- 
ated, about 40 per cent passes through the river channels, and of this 40 per cent 
barely 6 to 8 per cent is utilized by the rural population for irrigating their 
fields. These figures alone show that in spite of largo irrigation works already 
undertaken, there is still room for further expansion. The figure of 360 
millions for the population of India may give the idea that India is over- 
populated, but the density of the population is only 200 per sq mile, which is 
much less than is the case in many other countries with less resources. A 
careful survey of the facts shows that there are large regions in India which 
still require extensive irrigation works for further development. If these 
regions can be developed, thon probably a largo part of the population can 
migrate from over-populated areas to these regions and thus relieve the existing 
congestion. A greater expansion of irrigation will also result in the production 
of more foodstuff and other oconomic products and give us a better standard of 
living We have further to consider in what way the existing arrangements 
can be improved so tl^at a greater return may be obtained to the Government 
on the invested oapital. 

A new factor was added to the problems already existing on account of 
the need which was felt in constructing bridges over these 
nvers About 80 years ago, railways began to be con- 
structed in India and it was found necessary to span rivers 
by means of well-designed bridges capable of carrying heavy railway traffic 
Now the design of these bridges requires that the engineer should have a very 
accurate knowledge of the life of the rivers, its maximum and minimum 
discharge and their variations throughout the year, the nature of the soil and 
the total amount of precipitation m the basins over which the rivers pass 
They had also to find out how the construction of a bridge will obstruct free 
flow of water through the rivers and affect the surrounding rural area A 
further factor has arisen in recent times owing to the necessity of supplymg 
the country with cheap sources of electrical power To this topic, however, 
we return later on. 


7. Need of more River Physics Laboratories. 

The earlier engineers who were entrusted with these tasks treated the 
problem as they thought best and without meaning any disrespect to these 
early pioneers, it may be said that their actions have not always been 
very beneficial to rural interests. It is of course quite correct that the 
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system of irrigation canals, which has been planned by the engineers within 
the last 100 years in the Punjab and the western parts of the United 
Provinces and parts of Madras and Bombay, has done immense good to the 
regions concerned and has brought prosperity and population to an otherwise 
waste area But the same cannot lie said of the deltaic regions of Bihar, 
Bengal and Orissa and parts of C P which contain most of the unproductive 
irrigation works It appears that in the planning of canals, bridges and 
railway lines in these areas some very fundamental mistakes were committed 
The case was very ably summarized by Sir Francis Spring, the founder of 
River Physics in India While entrusted with the task of designing a 
bridgo over the Ganges in Bengal, ho went thoroughly into the problem and 
summarized the necessity of a River Physics Laboratory, in the following 
words — 

1 As trustees of so fine a property as this — canals and railways, it might 
not. unreasonably bo expected that the State would see the importance of 
devoting a comparatively small annual appropriation to original research, on 
lines likely to be productive of a good return for the expenditure, in the form 
either of reduction in the first cost of its public works or of their safety and 
their economical up-keep when built Heretofore there has been no pretence of 
organizing any such research in connection with tho engineeung of the canals 
and railways of India Engineers have gone on blundering, benefiting, rather 
by chance than by design, by the experience of their predecessors, and each con- 
sidering himself lucky if he escapes disaster at the hands of the tremendous forces 
of nature — amongst which some of the most potent for good or evil are the great 
rivers — with which he has to struggle. Until quite recently there has been 
practically no encouragement, and indeed at times there has been discourage- 
ment, to men to publish their experiences And so, in spite of having perhaps 
as fine a body of scientific engineers as any country, not excluding France, 
Jias in its employment, and in spite of this body of public servants having 
earned out daring and extensive works of a certain character, chiefly, in 
connection with the great Indian rivers, on a soalo unparalleled elsewhere, tho 
State possesses tho most meagre record of the history of the works carried out so 
successfully by its employees In putting the chapters of thiH book {River 
Training and Control by Sir F Spring) together, the author, found extreme 
difficulty in ascertaining what had been done, what difficulties had been 
encountered, and how these difficulties had been surmounted, and it has 
needed the expenditure of nearly a year of research to. enable him to offer to 
the Government of India the advice, contained in the foregoing chapters, in 
regard to one limited phase of the engineering of great rivers Time will show 
the value of that advice, and doubtless further experience will modify the 
practice recommended. But meanwhile the author would urge on the Government 
the importance, from a mere money point of view, of insisting on the maintenance 
of an intelligent record of the history of such works as those dealt with in the fore- 
going chapters.’ 
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The Consequence of lack of Organization 

' With regard to the physics of long reaches of the great rivers, the author 
is not in so good a position to speak. His special experience has been gained 
rather on short lengths of such rivers m contiguity to his works In view of 
his practical inability to regulate the flow of great lengths of such rivers ho 
has viewed the inimical consequences of the irregularities of their flow, in the 
form of deep and dangerous scour, as requiring to lx? fought by sheer irresistible 
force rather than by coaxing This necessarily must be the attitude of the 
engineer in charge of great bridges, and perhaps to a lesser extent of those m 
charge of great irrigation weirs But they ought not, for that reason, nor ought 
the State, to lose sight of the importance of endeavouring, by consistent, logical 
and welt -organized research, to learn something more definite than is now knoten 
about the physics of long reaches of rivers A perusal of chapters III and XXI, 
as well as of Mr R. A Molloy’s Technical Section paper No 118, will suffice 
to show how blindly, heretofore, m the interests of the residents on their 
banks, men have been fighting against the ill- will of some of the great rivers , 
whether on behalf of the maintenance of levees 1 whereby devastating floods 
are excluded from great inhabited areas , or for the conservation of the hpads 
of inundation canals on whose integrity the welfare of many thousands of 
people is dependent , or m the interests of riparian cities whose obliteration 
would be a blot on the administration of civilized and intelligent rulers It is 
difficult to avoid the conclusion, after perusal of chapter XXI, that for lack of 
adequate knowledge, the engineers concerned with the interests of the inhabitants 
of the valley of the Indus have been obliged to work more or less m die dark in 
their fight with that river, and to make matters tvoise it has constantly happened 
that, owing to the climate, to the exigencies of public service, no sooner does one 
engineer get some small inkling of the tricks than he is replaced by one with all 
his experience to gam , and m six months he, m turn, is replaced by somebody 
else whose experience, of the river has perhaps been limited to crossing it Hoiv, 
under so haphazard a system, anything gets done at all is a marvel , and instead 
of being surprised at £100,000 worth of work having been wiped out, the State 
may congratulate itself if the loss is not double. However there is always the 
satisfaction, m the case of such expenditure as that dealt with m chapter XXI, 
that the whole of the money has remained in the country, and that if the 
taxpayer takes money out of his coat pocket only to put it into his waistcoat 
pocket he can always pick it out again, or its equivalent.’ 

Suggestion for the appointment of a River Commission. 

‘ The appointment, for say 10 years, of a River Commission not merely for 
the Indus, but for the organized study of the physics of great alluvial rivers 

i This is a word of French origin, which is used in the U.S.A. to denote embank- 
ments. 
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generally, would be a service to civilization and an act worthy of a great State 
The Mississippi Commission have done a great deal, but their experience is 
not to any great extent applirablo to Indian conditions The experience' of 
the engineers of the Rhone and the Danube and other European rivers, though 
valuable in its way, is even less applicable to India than that gained on the 
Mississippi Mr R A Molloy’s attempt at a theory, aH summarised very 
madequatcly in chapter 11T, is the hrst that can be characterized as a scientific 
generalization of the river problem that the author has hi aid of m India And 
even this is based on inadequate data, puked up anyhow, amidst the multi- 
farious duties falling to the engineer to a system of inundation lanals There 
is need for a thoroughly scientific location and for the automatic reading, of 
gauges at hundreds of place's, foi several years, along great lengths, selected 
with care and knowledge, of several of the great Indian rivers, also of some 
systematization of the surveys which usually are undcitaken on these rivers, 
and of the making of fresh surveys specially designed to elucidate huts, also 
of an organized system of soundings and sections The engineers in c hatgc of 
the work must steadily keep m view the ultimate object of it, and must not 
make a survey merely for the sake of a section The object in raw will be To 
present to the scientific wot Id, and especially to the engmeutng wot Id, and mote 
jmrticularly to the engineers of shuctuics m hulia that arc subject to fury at 
the hands of the gicat alluvial rivets, such an explanation of the probable action 
of these nvers, under various cvcumslances, as will allow of such action being 
anticipated , and especially, to enable the engineet to utilize fully his knowhdge 
of the rivers, so that he may make a seivant of it, instead of liemg as it is now 
very often the ease, his master There cun be no doubt at least from the 
author’s point of view — that moie money has been wasted, foi want oj just such 
knowledge as a River (' ommissim might provide, than would hart sufficed to pay 
the entire cast of U many times over. Certainly, so lai as training works m 
connection with bridges are concerned, in rivers of the class with which the 
author has chiefly concerned himself, most engineers responsible lor such 
works would probably admit that whether they spent money unnecessarily 
as an insurance against their inevitable lack of scientific data, or that they 
were unduly economical, with either disaster, or heavy annual lecuiring 
expenditure in after-years, as the result Thus looked on from the lowest or 
merely commercial standpoint, the establishment of such a Commission ought 
to be highly remunerative ’ 

Unfortunately the sound advice given hv Spring has not been acted 
on very quickly by the Governments. But Sir F Spring 
The Govern- wa8 noti the only man who voicod this opinion Mr 
I” 6 ”* V *c y . 8l ”r Reakes, who was entrusted by the Bongal Government with 
advice the task of surveying the Nadia Rivers, w-as so puzzled by 

the problem of river changes in Bengal, that he made practi- 
cally the same recommendations as Sir F Spring But the Bengal Govern- 
ment has shown no intention of profiting by these advices It is only the 
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Punjab Government which profited by the advice given by Spring, and has 
created, within the last 10 years, a well-equipped research laboratory, the staff 
of which contains, not only irrigation engineers, but also physicists, statisticians, 
mathematicians and people belonging to other branches of science, who 
can render sufficient help in tackling the problems of irrigation and of nver 
control The Central Government maintains a River Physics Laboratory 
near Poona, where experiments on the models of the rivers have beon 
earned on under the able guidance of Mr. inglis for about 10 years, and many 
problems submitted by engineers from different parts of India have beon 
tackled there. But considering the vast size of the country, the diversity of the 
problems in the different regions, the number of laboratories is extremely small 
and the equipment of those laboratories which have been constructed is not suffi- 
cient. Even m the Punjab, the work done is not considered sufficient Dr. 
Maokenzie-Taylor, Director of the Irrigation Research Laboratory of the Punjab , 
says • 

‘ Though India is a country of mighty rivers, very little has been done 
hero by way of experiments in the laboratories on river models Only in 
recent years have some experiments been conducted at the Hydro-dynamic 
Research Station at Khadakvasla neat Poona and at the Punjab Irrigation 
Research Institute, Lahore ’ 

The provinces of the lower Ganges valley which, more than any other 
provinces, require a thorough field study of their rivers, as well as investigations 
on nver-models in laboratories prior to any work being undertaken, have 
hitherto shown complete indifferenoe to the proposals of having hydraulic 
research laboratories, All the same, blundering projects have been pushed 
through, whioh have wasted crores of the taxpayers’ money A small frag- 
ment of these sums, spent on the establishment and proper equipment of 
hydraulic research laboratories, would have been of immense benefit to the 
country 

8 Problems of the Lower Ganges Delta 

I will illustrate my case by speoial reference to Bihar and Bengal. I 
have already told you that the problems in these two provinces are entirely 
different from those of the semi-and areas of the Punjab and the upper Ganges 
valley, yet in the past works have beon pushed on in these provinces which 
ought never to have been undertaken. The main problem as you see 
here is not one of supply of water in the same way as to the thirsty areas of 
the Punjab or of the Western U P , but entirely different. These provinoes 
have a oopious rainfall, the peasantry here very seldom require water for 
irrigating their fields ; the problem here is to get rid of the exoess water as 
quickly as possible, prevent the rivers from changing their courses, minimize 
the effeot of destructive floods, and prevent the formation of unhealthy marshes 
and swamps. This can be done only by a judioious oontrol of the activities 
of the rivers or by river-training Unfortunately the engineers who were 
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entrusted with the planning of bridges and embankments for the protection of 
railways in these provinces, and also with the charge of irrigation, were not 
sufficiently familiar with the peculiar conditions of these provinces and used 
in the solution of their tasks their knowledge of irrigation obtained in other 
provinces. This has been mainly responsible for the large amount of wastage 
in irrigation which is marked by the department as unproductive But it 
has done worse things than that The people of Bengal have always clamoured 
that the railway embankment has ruined the Burdwan division. It changed 
the courses of rivers in thiB division and deprived the land of the fertilizing 
silt. The Burdwan division became thereby a victim to malaria which, 
between 1860 and 1870, carried oil nearly half of her population 

The same is true of Central Bengal but here the ravages arc due to the 
ohange in the eourpo of the river The Ganges used formerly 
Central Bengal , ^ discharge its water through the western brandies but 
a country of dead 

rJverg now the mouths of these channels have been silted up and 

the main mass of water flows through the easternmost 
channel. This has made Central Bengal a land of dead rivers and swamps 
and a prey to malaria The probloms of Bengal have been so very ably 
treated by Mr 8. 0 Majumdar that it ib useless for me to go into great detail 
By his careful survey and analysis he has also pointed out the way m which 
the rural conditions can be improvod He has clearly shown that this can 
be done only by the undertaking of a large amount ol engineering work aimed 
at controlling the rivers judiciously. But 1 submit that satisfactory results 
can be achievod only if the problem is studied very carefully before any work 
is undertaken The need here is for studying the rivers intimately We must 
take observations for a number of years regarding the flow of rivers, variation 
of the flow throughout the year, how they depend upon the precipitation in 
basins, how they deposit their burden of silt and what is the action of the silt on 
the fertility of the sod. We have to undertake fundamental experiments, for 
as Dr. N. K. Bose and Mr Lacey will tell you thore are many fundamental 
problems in river physics whioh still await solution. They are still the subject of 
careful study by distinguished workers. It is necessary to have in each region 
a River Physios Laboratory where the fundamental problems will be handled 
by a number of expert pure scientists Tn addition there is need for a 
properly equipped field survey department which will survey the contour 
and geological formation, the carrying capacity of the river-beds and ultimately, 
whenever any constructional work is proposed, this should be studied by a 
laboratory model carefully. After all these studies are completed actual work 
should be undertaken. 

9. Cheap Electrical Power. 

Within the last fifty years, another use has been found for running water 
whioh is as important as irrigation and navigation, viz. generation of cheap 
electrioal power out of the energy of running water This is a subject which is 
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just beginning in India, but its importance has not been properly realized. 
I wish therefore to dwell at some length on this point. 

Everybody knows that India is an agricultural country. According to the 
Anal sis of Pr C 008118 Report of 1931, 66% of the Indian population is 

fenlonaln India en 8 fl 8 e< ^ m agriculture, l e are peasants, i e they have to 

spend their life in raising food. Of the remaining 34%, 
only 11% are city-dwellers, i.e. engaged m industries and other professions 
The remaining 23% are either village artisans, merchants, landlords, or 
belong to other professions mainly dependent on a rural economy 

Everyone will admit that the distribution of the population according to 
professions reveals a very unhealthy state of affairs. In no 
India, a land of 0 ^ er c . oun try of the world, excepting such backward ones 
poverty-stricken ,,, , * 

peasant* 118 ^‘ unft > 18 there such a large proportion ot jieasants 

And do these peasants enjoy a good living ? A few huts, 
mostly without doors or windows, a few mats and rags, a few half-starved 
animals, hunger, debt, and frequent disease, — this is all they have to enjoy ! 
There is a widespread desire for improving the lot of peasants and to 
raise the general standard of living But how can this be 
Agricultural ac bieved ? Not by an exodus of the townsmen to the 
no'solutlon'o/the vl ^ a 8 eB !Ui advocated by certain persons distracted by middle 
poverty problem c ^ ttHH unemployment , for that will merely increase the pres- 
sure on the overoongested rural area and multiply misei v 
Greater efficiency in agricultural methods, which is certainly desirable, may give 
us more and cheaper food, and other necessities of life obtained from agriculture 
(like cotton), but it can never touch oven the fringe of the poverty and unem- 
ployment problem For greater efficiency amounts to the fact that the same 
production in agriculture can be effected by half the present number At 
present, the proportion of food-gatherers is 66% They produce food 
materials and other products by the most primitive methods If improved 
scientific methods are adopted, larger amounts, more than sufficient for the 
whole nation, can bo produoed by 30% of the population Tins will render 
about 36% of the peasant population unemployed. This added to the already 
existing middle class unemployment will render matters worse 

If we analyse the widespread public sentiment for better living, what do 
we find * Everybody of oourse wants his food supply to 
Industrially- inHUre( j i but this is the least part of his demands He 

tlon the only , better clothed and better housed , wants to 

solution of the , , „ 

poverty problem S e 4 a better education for himself and his family, more 
rest from work, freedom from drudgery and greater enjoy- 


ment of life. Analysing this sentiment, we find that if these needs are to be 
satisfied, the quantity of industrial products has to be increased ten to twenty 
times its present level ; all these works have to be organized, and a large 
proportion of the village population is to be diverted from the task of food- 
raising to industrial work. In fact, the only way to improve the villages is 
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by drafting more villagers to the ntiCH, and bv creating a larger number of 
cities based on industries 

10 India' 8 fitness to be industrialized 

But all countries, even if they want to have a better living, as is reached 
to dav bv some European countries, cannot do so on account 
India has suffl- () f their intrinsic poverty in natural resources The source 
for efficient In- I ,otentm * wealth to-dav is not merely good agricultural 
dustrlalizatlon land ell varieties, capable of yielding all kinds of food 
and other economic products, but also mines, capable of 
yielding minerals useful to man, and sources of power (coal, oil, peat and 
other fuel, water power) A recent writer in the Knit Indian Review analysing 
the conditions of the world, finds that only three countries in the world 
satisfy these conditions, viz , USA, Soviet Russia, and Tndia He traces 
much of the present political troubles of the world to poor resources jiossessed 
by many ambitious nations Italy, for example, has almost no coal or iron, 
and very little mineral resources Hence her desire to seize other iindcve 
loped lands, otherwise she cannot reach the modern standard of bettpr living 
Japan is almost in an identical condition, and is further handicapped in 
having poor agricultural land as the country is not suited for the production 
of anv agru ultural stuff other than rice and mulberry Cotton and oil-seeds 
cannot be grown on her soil Hence her desire to seize parts of China 
According to this author, China, even it she were not pestered by foreign 
aggressors, and could solve her own internal problems, can never attain the 
level of the U S A or the future Russia, because her mineral resources are poor 
Only India possesses all kinds of resources in abundance , she continues 
to be poor, only because these resources have not been develop'd and 
industrial work has not been properly planned and organized 

The Wealth of a people is neither a gift of the heavens, nor a gift of nature 
The jicople have to create wealth by organized labour 
How to organize The more the output of work by a country, the rn her 
production and 18 ant j the higher the standard of living reached 
distribution of p r() h a hly most of our countrymen have no idea that the 
commodities es- •” * , , 

sential for clvi- tota l wwr ^ oufc P ut >*y average Indian is twenty times 
lized human life less than that of the average American and European In 
previous epochs of history, all the work used to be done 
by human power, or animal power But at the present time, most work is 
done by steam-engines, oil engines or electricity Let us compare quantita- 
tively the work output per man in Norway and in India I am taking Norway 
because there all power is electrical and can be easily calculated 

The League of Nations’ Year-book tells us that the average Norwegian 
consumes 1,600 units of energy per capita in the year, which is mostly derived 
from the harnessing of her rivers and waterfalls 
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As we shall see presently, the man power and animal power probably does 
not contribute more than 80 units per year. Hence the total output of energy 
per oapita in a civilized State is about 1,700 units. With less output, the 
standard of living would go down. 

Let us see the average output per Indian. The electrical energy per 
capita in this country is only 7. Steam and oil power 
India produces no t amount to more than 10 Let us now calculate 
the work done by man and animal. A labourer working 
for eight hours daily produces only ^ units and in a 
countries year of 300 working days he does not produce more than 

180 units But only one-third of men and women are 
active. Hence the average output per year per capita is only 60 units, 'raking 
the work done by animal power to be 10, the total output of work per 
oapita per year is only 90 units This is nearly twenty times less than the work 
output per European, and about 6 to 8 times less than that of the Japanese. 

To use figurative language . The average European has 20 slaves con- 
stantly working for him while the Indian has mostly to depend upon himself. 
The slaves which the European calls to his aid are provided from the exploita- 
tion of the power resources of his country. Such resources though they 
exist in India have not been developed and profitably utilized. This is the 
root cause of poverty in India. 

Not only have the power resources not been developed, but the available 
power is extremely dear. This is one of the main causes of India’s backward- 
ness in industrialization. 

How much India is handicapped in this respect may be gathered from the 
prc ^ fact that the price of power in this country for the greater 
Power P art of the country is four times that in England and 

Japan, except probably for steam power, which is not suited 
for many industries, and is not available m all parts of the oountry. 

Thus the cheapest electrical power at Calcutta costs $ anna — -57 d., the 
average price of power is about 1 d and at Allahabad — 2 annas — 2-2d. , in 
London electricity if bought m bulk oan be had for \d per unit. 

The price of petrol vanes from Re. 1-2 as to Re 1-10 as , while the price in 
Hi h Pries of England and Japan is about 6 annas. Most of the extra 
Power cost is due to customs duty and railway freight. The 

landing cost is only about 4 annas. On account of the 
great cost of petrol, Otto engines are very expensive to work in India. 

It is on account of the high price of power that industnal enterprise has 
so far been confined to cities like Calcutta which are near coal mines, or Bombay 
which possesses, thanks to the enterprise of the Tatas, cheap hydroelectric 
power. Other areas cannot develop unless they are provided with cheap 
power. 


Dearness of 
Power 
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11. How to develop power resources 

But it may be asked, are there sufficient power resources in India ? 

Like some other countries in the world, India may be 
Powe^Resources in * nn81ca % P° or ln power resources Let us consider this 
problem in detail The ehief power resources are —Coal, 
Water power, oil, shale, and other fuel (peat, wood, bagasse, power alcohol 
and vegetable oils). 



Map 6. 

(From Coggrn Brown’s Mineral Reeourcet) of India ) 


I have before you a map of India (Map 6) showing the occurrence of coal 
deposits. You will see that these resources are present only in certain parts 
of Bengal, Bihar, Orissa and Assam, in other wordB m Eastern India. Other 
parts of India are extremely deficient in coal, or do not possess it at all. If 
India wants to be industrialized, it must develop its available water power. 
Let us see how much has been done in this connection. 

The water power resources of India have not yet been adequately 
surveyed except in a few isolated regions. The work which was started 
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under Meares in 1919 was unfortunately stopped for some unknown reason 
According to this authority, the total resources amount to about 20 million 
kilowatts, but this may probably be a gross underestimate, as in the case of 
Soviet Russia. 

The total power which has so far been developed amounts to about half a 
million kilowatts installed Of these, 3 million kilowattB 
Necessity for ()J . a h ou f, 60% is due to an Indian State (Mysore) and 
development of , , m , , 

Water Power private (mostly Tata s) enterprise, anil the rest is due to 
the enterprise of tho Provincial Governments 

These figures show that onlv 2-5% of India’s hydroelectric power resources 
has been developed. 

Tho efficiency of the undertakings which have so far been developed 
leaves much to lie desired. 

The earliest large project in India is the Sivasamudram Hydroelectric 
Works in Mysore which owed its genesis to tho far-sighted vision of Dewan 
Seshadri Iver of Mysore. It has developed nearly 50,000 kilowatts, and the 
cost of installation has been nearly Rs 500 per kilowatt installed. The three 
Tata projects near Bomba}' cost about Rs 500-600 per kilowatt installed, 
inclusive of transmission lines 

The upper reaches of the Indus and the Ganges valley offer unique oppor- 
Bad beginning tunitiesfor hydroelectric development and there is great need 
In hydroelectric for such development if these areas are to lie industrialized, 
development a8 there exists neither coal nor petrol in sufficient quantity 
m these parts But tha results obtained so far have boen rather discouraging. 
The Mundi Scheme in the Punjab, which was launched under Government 
initiative against tho almost unanimous opposition of the people s representa- 
tives, cost nearly Rs 3,000 por kilowatt installed , this holds the world’s record 
for dearness, and is about 10 times dearer than the average cost of installation of 
plants of this size m Europe and America. The Western Ganges Hydroelectric 
Soheme which appears to have caught the imagination of a large majority of 
our countrymen cost Rs 1,200 per kilowatt installed This holds the second 
highest record for dearness, and yet such a project has been hailed as a great 
work by a section of our countrymen 

But the reader may ask, what have rivers to do with electrification 
schemos ? As has been pointed out, electrical jxiwer in most parts of India 
can he obtained only from water power, hence it is obvious that before an 
expensive scheme is launched (and all hydroelectric schemes are expensive), 
extensive preliminary studies are to be made. These include a summary of the 
water power resources showing the variation of discharge of rivers, possibility 
of erecting storage reservoirs, finding out the best site, and further economic 
survey with a view to utilization of all the power developed Even when a site 
has been chosen, extensive laboratory experiments should be carried out 
with the aid of models on the proposed dams, weirs, reservoirs, etc. before 
any work is actually undertaken. If one goes critically into the history of 
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the unsuccessful works just mentioned, he will find that the root cause of 
failure was that schemes wore launched by enthusiasts (in many cases by ama- 
teurs in hydroelectric engineering) without adequate surveys and preliminary 
experiments. In the Mundi Scheme, nearly 6 crores of rupees were wasted 
before it was discovered that the river from which power was to be tapped 
almost ran dry during the hot season. If a small part of this monej 
was spent on adequate surveys, and preliminary laboratory researches, 
probably the Government would have received a handsome return on 
their investment, most part, of which has now to be written off as 
unproductive. 

Let us contrast the procedure adopted in this country with that in Soviet 
Russia Before the Great War, Russia was no better than 
SovteTRussla ^ n( * ia She was mainly an agricultural land, 70% of the 
population were peasants, almost as poor and ragged as 
the present-day peasants in India. Industries were in a backward state, and 
power was undeveloped and considered a luxury. The total amount of electrical 
energy per capita was only 15 units which, in 1919, owing to the ravages of 
the War and the Revolution fell to about 5 units She was without knowledge 
of her power resources, without experts and technicians. It was during these 
dark days that Russia, under the influence of Lenin , started schemes for planned 
electrification for the whole country which was part of the larger scheme of 
complete industrialization Now within a short period of 16 years, Russia 
is producing nearly 300 units per capita. Her production of electricity in 
1937 exceeded that of any other country in the world, excepting the U.S.A., 
and if she can complete all her schemes, she will soon overtake the USA. 
Needless to add that thanks to this intense electrification, Russia has passed 
from an agricultural State to an industrial one, and now 70% of her population 
are reckoned as industrial workers She is on a fair way to the solution of 
the problems of poverty, disease and famine which perpetually haunted her 
peasant population of 70% before the Revolution 

There is a great prejudice in this country as well as in Europe against 
everything Russian, but not being a politician I am not interested m their 
political theories or the execution of those theories What strikes me as a 
scientific man is the extraordinary use tjiey have made of modem scientific 
knowledge in solving their problems of poverty and want, and the extremely 
judicious and businesslike fashion in which they proceeded with their schemes 
and co-ordinated the labours of economists and technicians. I have on 
my table a book written for the World Power Conference on the Electrification 
of Russia. We learn from this book that when the supreme council of the 
Soviets adopted Lenin’s resolution for the electrification of the country, it was 


the U.S.S.R Academy of Sciences and not a committee of bureaucrats which 
was requested to give a plan Under the guidance of the Academician Prof. 
Krzhizhanovski the following plans were adopted • (1) Immediate establish- 
ment of a Power Research Institute for undertaking a survey of the existing 
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power resouroes, coal, peat, oil, shale, and above all of water power, in the 
U.S S.R. (2) Establishment of an extensive scheme of 
Method^o^AttacV hydrological survey— so far the U.S.S.R. possesses 5,200 
hydrological stations of all classes, for surveying the 
discharge of rivers at different points, their variation throughout the year, etc. 
(3) Establishment of a number of River Physics Laboratories at Tashkent, 
Moscow, and Leningrad and other centres where researches with laboratory 
models of projected weirs, dams, embankments, canals are carried out before 
any work is actually undertaken (4) Establishment of a comprehensive 
scheme for training an army of technicians in Russia 

It goes without saying that the plan adopted by Russia is the correct 
one. A scheme is known by its fruits. Russia now mstals every 'year power- 
stations of millions of kilowatts capacity instead of thousands. The energy 
produced is utilized by the properly planned industries, and m transport, 
and only a small percentage is utilized in agriculture. Thus within the 
last sixteen years, the nation has passed from a community of half-starved 
peasants to well-fed and well-clad industrial workers 

12. Conclusion 

Before I conclude, let me place before you a challenging statement from 
a very interesting book by Dr Vera Anstey. In her ' Eoonomio Development 
of India ’ (1936) she says : — 

‘ Here is a country of ancient civilization, with rich and varied 
resources, that has been m intimate contact with the moat materially 
advanced countries of the West, but which is still essentially medieval in 
outlook, and organization, and which is a byword throughout the world 
for the poverty of its people.’ 

Then she quotes Mr. M. L. Darling : 

* The most interesting thing about India is that her soil is rich and 
her people are poor ’ and asks herself : 

‘ Can India be called “ Mediseval ” whon it is organized under a 
modem form of constitutional Government, possesses a great system of 
mechanical transportation, a unique system of irrigation, no less than 
seventeen modem Universities, and has several large-scale industries 
producing with the most up-to-date machines that have yet been 
invented 1 ’ 

The answer, however galling to our pride, must be that m point of poverty, 
ignorance and disease, India of today can only be classed with China and 
AjJfyBsinia, countries which are still steeped in medievalism, and have paid 
the price For opntmumg medievalism. 

If we desire to fight successfully the scourge of poverty and want from 
w'hich 90% of our countrymen are suffering, if we wish to remodel our society 
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and renew the springs of our civilization and culture, and lay the foundations 
of a strong and progressive national life, we must make the fullest use of the 
power which a knowledge of Nature has given us We must rebuild our 
economic system by utilizing the resources of our land, harnessing the energy 
of our rivers, prospecting for the riches hidden under the bowels of the earth, 
reclaiming deserts and swamps, conquering the barriers of distance and, above 
all, we must mould anew the nature of man in both its individual and social 
aspects, so that a richer, more harmoiuous and happier race may people this 
grqgt and ancient land of ours Towards the realization of this ideal, we must 
adopt ourselves to the new philosophy of life and tram the coming generations 
for the service of the community in scientific studies and research 




ON THE PROPAGATION OP ELECTROMAGNETIC WAVES 
THROUGH THE EARTH’S ATMOSPHERE (Paper 1) 

By M. N Saha, D Sc , F R S , R N. Rai, M Sc , and K. B Mathub, M Sc 

( Read November 6, 1937 ) 

Introduction 

The introduction to thin paper has already been given in another with the 
same heading published in these Proceedings (Vol III, p 359, 1937) henceforth 
called paper 2. The present paper deals with the derivation of the equations 
given in §2, pp 363 ami 364 of papor 2 There only a bare stat ement of the 
equations was given ; here the exact procedure of their derivation is given 
The programme of these series of papers may be defined as the wave-treatment 
of the problem of propagation dealing with questions of polarization, reflection, 
oblique propagation, and absorption of the waves Wo first give a fuller 
description of the notation employed 

Notation 

The notation used in this field of investigation differs so widely from one 
author to another that the reading of papers by different, authors is attended 
with a certain amount of difficulty It is desirable that a system of inter- 
national notations bo agreed upon Tn this paper, an attempt has been made 
to use a system of symbols which may bo acceptable to the different schools of 
investigators We have, as far as possible, adhered to the symbols used by 
S K Mitra, which were mostly adopted from the writings of Appleton and his 
school. In some points we have found it necessary to deviate from Mitra s 
symbols An explanation of the system of symbols is therefore given at the 
beginning. 


- A' 

. Electric Field Intensity with components 

A’„ A’,, A’, 

* D 

Electric Displacement Vector 

D x< D r , D. 

a 

Magnetic Field Veotor 

H X ,H,,U, 

B 

Magnetic Polarization. 


p 

Polarization 

. l*„ P t , P. 

h 

Earth’s magnetic field components 

. h x , h v h,. 


(Mitra has used H for this quantity But it produces a 
certain amount of confusion with the magnetic field 
vector,, hence we have used ‘ h ’ to denote the earth’s 
field.) 
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Po' 


iirNe* 


Larmor Frequency — . 

Components of Larmor Frequency. 

Pulsatance of the electromagnetic wave. 

Number of electrons, or ions per c.c. at any height 
Whenever necessary the subscript ‘ e ’ for electron, 
‘ t ’ for ion is affixed to N. Thus N t denotes number 
of electrons. But usually the suffix is not used. 

either for electrons or ions. 


. . oolhsional frequency, i.e number of collisions made by 
an ion or electron in unit time. 

to,) => i (p x , p y , p,), to is the resultant value of (w x to, to,) 

= 1 . j* 

p mcp 


4 nNe* 
mp* 


q *= Complex Refractive Index 


§1 

Thk Fundambntal Equations. 

The fundamental equations for the propagation of electromagnetic waves 



For the 


Curl = - D 
c 

Curl E b -- B 
c 

Div D - 4 np 
Div B as 0 

D « kE « E+4*P y 
present case, we take p * 1 so that 


B <m pH m* H. 


0 1 ) 
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From equation (1 1) it can bo deduced in the usual way that 


and 


= I H- - Curl P ] 

c* c I 

V % E = ~ A’4~ P- 4it grad div P j 


( 12 ) 


We have now to express P m terms of E 


Let us suppose that on account of the e in Held of the radio wave the 
charged particles suffer the displacement £, ij, £ The equations of motion of the 
charged particles are given by 

=> eE x —g£+ e - (ijA c — £A,)+«P* \ 


my = eE,— gy+ 6 r ({ K— WJ+aP, 
mi = eE t — gt + - ((h)— i\h a )-\-aP f 


(1 3) 


Here —g(£, i), £) represents the frictional force due to collisions 


The third term . - (v x h) represents the deflecting force due to the earth’s 
magnetic field 

We have further P = AV (f, 77, £), where A’ is the number of electrically 
charged particles per unit volume 

The last term in (1.3) represents the action of the polarization forces 
It is now usual to take a = 0 

We shall replace ((, rj, £) by (P,, P f , P„) throughout (1 3), and let us 

further suppose that P is proportional to c'f* Then the equations (1.3) 
reduce to 


m P* p 
' Ne 1 




and -two other similar equations 

The form of the equations can be much simplified if wo make the following 
substitutions . — 

mp* 


4mp* in 



66 M. N. SAHA, B. N BAI & K B. MATHtJK ON THB PROPAGATION OF 


Then the equations take the form 

fiP x +io>,P,-u»,P, - -£ E, 

—u»J > ,+I3P 1 +ud 1 P. = — — E f 

^fP,— w*P,+PP, - — jjj, E, 


( 16 ) 


These equations can be easily solved bv the usual algebraic methods We 
can put 


p \ 

“ AuA’»+ A»i E t I 

P l 

** A«A’,+ At*f ! ',+ A ) • ( 1 - 6 ) 

■j* = A 18 $*+ A M A’ y + A s8 /!-’, | 


where 




r 1 
4w P fP — t 0* ' 


Ar* > etc are the subdeternunants of the determinant formed by the coefficients 
of the quantities P t , P r P t in equations (1.6) 

It can be easily shown that 


An 

A« 

A B8 


w'—fP A« “ w*w y -f»/3a>, A|| = 

<•>*— P* Aji = u>,u) f + if}w, A m™ 

W,*-0* A |» *««*,<*>,+ t/Ja>y Ajl“ 

These results will be utilized later 


«*«*-**•■ ) 
0>,u> t -iPw x > 


(1 7) 


§2. 

PbOPAGATXON ALONG THB Z-AXIS 

We shall first consider the propagation of the rays along the z-axis 
Then the second set of equations (1 2) reduces to the three equations — 

4ir d'P x 

dz* c* dt* " c* dP 
dPK_}_^E I 4ir &P, 
dz * c* dfi-ci-W 
d*l^_ 1 d*£?, 4ir dPP, dPP t 
dz * 'Z dfi ~ c* ~W ** U 
for the terms arising out of Grad Div P are now simplified as 

I (D'v CO, | <D,v P) = 0 .nd * (Div P) - *£ 
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Further V* reduces to 


The third of equations (2.1) is 

(A ’*+ 47rP * ) " 0 

Now from the condition Div D = 0, we have 
. | [E.+ivP.] = » 


From (2 2) and (2 3), we have 

D, = E.+4irP t = 0 

As according to (1 (1), P, is a linear function of E,, E,, E t , equatic 
enables us to express E , in terms of E x and E, We have 
E,-\-4irA ( Aijf I + A*aA’ v + &%%E C ) = Q 


y _ _ A nfej+ A m A\ 


The equations (2 1) can now be put in the form — 

d*E r _ Ejj PE A* PE, A 
dz* ~ r* dP + r* dP | 
d*E, Ag, d}E, Ajg PE, 
dz * = r* dP + P dP I 


A',, = 1+ ] An I 

( ^‘ + 4nA ! 


^*i “ 4*4 < An 


Jf.-l+4-gl) A B --^f 
( A»+ Lj V 
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It is easily seen that 

D x - K n E.+K lt E, I 
D y sa K tx E x +K tl E 1 j 

Equations for the, propagation of the magnetic vector. 
Instead of taking (1 2) we take the equation (1 1). We have then 
V % H s= — - curl D 


^for curl curl H *= — V*H «■ - curl Dj 
These equations reduce to 

dm, 1 dD, dm, _ 1 db x 

dz* m c dz ’ dz * c dz •• ' ( ’ 

Now from (2 8) we have 

I), = K n E x +K xi E, ''l 

u * y . (2 ii) 

D, = K U E,+K„E, J 

since the quantities K are not functions of time. 

Further from the second equation of (1 1), we have 

<*«•> 

Applying these conditions to (2.10) and (2.11) we have, when the quantities K 
do not vary with z, 

d'H x K n dm x K n d*H, x 
dz* “'c r dfl ~ c* dt' 


“ c* dt* c* <** / 

Also from (2.12) and the first equation of (1 1) we have, utilizing (2.8), 

dE x== _ 1 dH lf dE f m 1 dH x \ 
dz m c dt ' dz *** c dt I 

d Jk m *ty dE x ,^»dE 1 \ 

dz ” c dt c dt ( 

M^ m _KndE x _K } 3 dE £ 
dz m c dt c dt 
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when p t 0, the last two reduces to 


dH x _ %L dE, Kn dE± 
dz c dt c dt 

An dE x iL dEf 
r dt c dt 
L = —r(f}—r)u)JC' 


dH, 

dz 


(2 14') 


where 

We can now calculate the quantities K from the relations (2 7) First 
let us suppose that the collision frequency v can be neglected. We have then 


A _L_! *' 

A,s+ 4 rrA ~ — ? r 

where C = 1 — to*— r(l — to, 2 ) 

A, # A 8l (1— o»*)(r+a» x *— 1) 

Au “7TT— — 7? 

Am+ 4^ 

A m A m (1— w*)(r+w,*— 1) 

A »Trr r 1 — 


A !8 (1 —<«**) ]«**«>,+ tw t (l-r) 

Atl _ - 0 - 

A 88 + JZT/i 


A A, s A , 2 (l-to*){to,fti,-t«> x (l-r)} 

* 

a,,+ 5S 

From these expressions, we obtain the following values for the K ’ s 
-1 +r 


= l+r- 
- 1+r- 


V _ .. “»*«»+*(! *- r )“. 
«1» = ' Q 

„ o»„<o r — t(l — r)w. 


(2 15) 


(2.16) 


The expressions are considerably simplified if we put p, = to y «= 0. 
This means that we are taking the magnetic meridian as our (x— z)-plane. 
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Q*-l+r (1— r)(l— r— tu*) 


-%L where L » — --- — 


. (2-17) 


When collisions are taken mto account, it can be proved after s 
that we have now the following relations . 


4nA 

A„A 81 NP-<f){rfi+ 


£»»+' 


4 itA 


Au Am 0 ( 0 * - *>*) { <*>.<*, “ r) } 

, 1 = C' 

Aw+t-j 


){**>,+*« >.( P - r )} | 


.. (2 18 ) 


(2 19) 


It is easy to see that the relations (2.15) are deducible from (2 19) when 
collisions are neglected, i.e p ** 1. 

We can now write out values of K's from the above relations. We have 


*u 

K a 


1 C‘ 

r{w jW , + uu,(0-r)} 

C’ 

r{u>.w,-tw,(P-r)} 

C’ ) 


( 2 . 20 ) 
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Considerable simplification is introduced by putting j> t = = 0 Wo 


P-rf}-* 

C' 

P-rfl 


- (r-fi W+rp- F) 


(2 21 ) 


where L = — r()8 — r)wJC" 

When /3 = 1 (no collision), these expressions reduce to (2 17) 

§3 Solution of the Fundamental Equations 
The rigorous solution of the fundamental equations presents great difh- 
4 irNe* 

eulty, since the quantity p 9 * = — — — ih not a constant, but varies with height 
Let us first treat p 0 a as a constant, and see ♦hat result is obtained 
Let us put 

(E t , E r H xt H t ) = (A t , ft„ C v D x ) (3.1) 

where <f> = p ^ , the minus sign holds for the outgoing wave, the plus 

sign for the reflected wave ‘ p’ is the refractive index, which we have to 
find out When we substitute (3 1) in (2 14) for the outgouig wave, we have 
the following relation amongst the constants ,f„ ft,, (\, 7), 

Mi = A. Mi = -Ci | 

pC\ = —il/Ai — Ajjfij, /iff, = »7yft, ) 

From these equations, or directly from (2 14), we obtain 

=* 0 ( 

or for the magnetic vectors 

(n»-* u )0 1 +»// , I = 0 » 

-iLD t +(^-K n )C t = 0 ( 
i e. /J is given by the roots of the quadratic equation 
(p*-K u )(p'-K n )-L' = 0 

^n — %ts t 

2 L 3 

Then it can be easily shown after a little work that the two values of p 
are given by 

Mi* - K u -Lj (l - Vi +11 f) - *» ~ L pA 

Mi* - A„-A/(l + Vi+T/7*) - ~Lpt ) ’ ' 


Let us put 


(3 2) 

(3 3) 

(3.3') 

(3 4) 


(3 0) 



62 M. N. SAHA, B. N RAI & K B. MATHtTR . ON THE PBOPAQATION OP 


^-/(i-VOT 5 ). Pt-f(i+ Vi+i// 4 ) . 

Pi and p, are the roots of the equation, 

p ._*ur^Mp-i * 0 

From equations (3.3) and (3.6) we have 

p«-g n 

A 1 -xL 9 

or By m —ipAi, 0\ — xppA u D x = pA^ 

Hence we have from (3.1), 

E„ as Aj COS (ft , E f a= j4jp SU1 <f> ) 

H„ e* —/xA t p sm tm cos <j> l 

These equations show that the two waves are elhptically polamcd. 
have 

Ef+^-AS ) 


bI+h'-m ) 

The ratio of the axes of the ellipses are — 

(a) for the electric vector x-axis . y-axis = 1 p 

(b) for the magnetic vector x-axis y-axis = p . 1 . 

The sense of rotation is given by equations (3 7) and the sign < 
can be taken only after we have disoussed the values of p, and p 2 

Let us now find out the special characteristics of the two waves, 
necessary now that the signs be properly taken. 


In the northern hemisphere, the north- 
seeking (positive) magnetic pole points 
downwards as shown m the figure. Let ‘ h ’ 
denote the absolute value of the magnetic 
field. Then if ‘ 3 ’ be the dip-angle, we have 
A, « h cos 8, h, = —h sin 8. 

Now s« w is itself negative, because ‘ e ’ 
mcp 

is negative. We have therefore 

to, » —to cos 8, to, a* to sin 8 

I eh 1 

. 

mcp | 



Fio. 1. 


In the southern hemisphere, the dip is upwards for the positive pole, 
hence we have simply to substitute ( — 8) for 8 in the above expression. With 
the notation used here it is easy to see that 
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(1 — r)(l-r— g^) <(/+«,*) 


j r(l— r) to, _ <(!+<)«> sin 8 


J ~ 


to cos*8 
2 1 sin 8 


f*i 2 « K n -L Pi = K n -Lf { l-Vl+W) 

<W - s{,- N /i+tws{ ( 




(3 ») 


(3 10) 


The expressions for p^, p 2 * are independent of the sign of ‘ 8 ’ and henre 
hold for both hemispheres We further observe that 
(a) pj* =s 0 when I = () 

Hence p, represents the conventional ordinary wave, for / = 0 is equivalent 
to the condition Po % = P l .(3 11) 

(6) To prove that p 2 2 = 0 when I s = to* 

In this case, we have 


J 


4JW8 

T a,*c0B 4 8 


2 sm* 8 
co»*8 


1 4" \/ 1 -J- 1//* ®= 2 sec* 8 , and 

cw - <«+o,*)-(i+t)«, 2 

- t'-co* 

= 0 


This condition gives us that p 2 = 0 when t = ±to 

or ^* = 1±^ or p 0 ' = p*±pp h . (3 12) 

These are the conditions of reflection for the extraordinary wave p 2 therefore 
represents the extraordinary wave 
Limiting cases — 

(1) When 8 — 0 (Magnetic Equator — Transverse Case). 

We can show from (3-10) that 

t**~w* 

p^-Ul-r.p, 4 ^^ 


The (pi* 1 —r) curve is the straight line representing the ordinary wave in 
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Mitra’s Report (1936). The /a* 1 , r curve resolves into two curves on either side 
of the (/*,*, 1 — r) line. 


(2) When 8 
Now 008 8 a 


= (Magnetic Poles — Longitudinal case). 

0, sin 8 ™ ±1, and we easily see from (3.10) that 



1 — r— tit w+1 — r 

= 1-ci “ Ol+l 



So the (/i!*, r) (/*,*, r) curves reduce to straight, lines, which are reproduced 
in Mitra's Report, p 142 


§ 4 Polarization 


As mentioned in § 3, the polarization factors are given by 

/>,=/[ i-a/T+ 1? 1 ], *=/[ 1+VT+iT/ 5 ] .. (4.i) 

since / ■ < *? C ? 8 .f and < = r— 1, r =* — *• , / varies with the height of the 
2« sin 8 p® B 

point at which the wave is being considered, / vanes from — 1 at the ground 
to zero at r ■> 1 We need consider only the polarization of the ground 
wave. We have then 


/ 


Ol 008 ® 8 

2 sin 8 


(4 2) 


For the o-wave. 

(a) Northern hemisphere 

I] - <“> 

Southern hemisphere, now ‘ 8 * must be changed to ‘ — 8 ’ , we have then 
_wc08*Sr f , 4 sin® 8 ~| 

r L 1_ v’ + iW8j •• (44 > 


2 sin 8 | 

.For the x-wave 


(6) Northern hemisphere 


T, , /, . 4 sm® 8 "] 

iHTL l+ V 


(4 5) 
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Southern hemisphere 




to 008*8 

2 sm 8 


[>+V ,+ ^] 


(4.6) 


In the table given below, wo havo calculated values of p v p t for a number 
of selected stations, for A = 100 meters They are also given under fig 2 


Tajh.h I 


Place 

S 

1 

h . 

eh 

. rcoH*S 

' ~ 2 Hill h 

Ordinary 

Pi 

Extra- 

ordinary 

Pa 

Re- 

N Pole 

00° 




1 



Lerwick 

72° 42' 

4884 

4600 

0208 

<1764 

-10210 


Nlough 

(10 3 fit' 

4702 

4416 

- 0370 

6033 

- 1 0373 


Allahabad 

4H C 

5182 

487 

- 1653 

8487 

-1 1783 


Bombay 

26° 30' 

4136 

3710 

- 3013 

7017 

1 4213 


Huanoayo 

2" r 

21(63 

2663 

-3 767 

126 

-7 043 


North of Krjuator 

0 



-CO 

» 

- 


South of fiquutoi 

0 



+0C 


+ 00 


La Quiaca 

— 12° 21' 

2684 

2523 

5031 

- 5846 

1 711 


Pilar 

-25“ 65' 

2732 

2576 

•2387 

- 7880 

1-207 


Batavia 

— 32° 20' 

•4368 

4121 

2752 

- 7618 

1 312 


Watberoo 

-64° 18' 

•2767 

266 

0271 

- 8732 

1 0274 


Melbourne 





-•9568 

10451 


S. Pole 

-80° 




-1 

1 
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Experimental Confirmation 

These results have been experimentally confirmed Berkner states that at 
Huanoayo : The ordinary ray is polamod with its eleotno vector along the 
magnetic north-south. Table (1) shows that 

E m - axis . E f - axis = 1 . -129 

i.e. the electric veotor is mainly along the x-axis, i e. magnetic north-south 
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The extraordinary ray is polarized with its electric vector along the 
magnetic east-west Table (1) shows that 

iS^-axis E f - axis = 1 7-643 

The variation of polarization for the o- and .e- waves with latitude are 
shown in fig 2. 

Conclusion 

It is shown that if the complex refractive index be regarded as constant 
we get the same conditions for reflection and polarization of the radio- waves for 
vertical propagation as was obtained bv Appleton But the refrartive indices 
vary with height, henco the treatment given here should be replaced by a 
wave-treatment A simple ease of wave-treatment has already tieeii published 
in paper 2 

RxrBRBNCBS 

1 M. N. Saha and R. N Rai — Proc Nat Inst Set India, Vol 3, pp 353-369,(1937) 

(Paper 2). 

2 8 K Mitra (Report 1 )—Pror Nat Inst Sci India, Vol 1, pp 131-215,(1035) 

3 Berkner and Wells.— Z’err Mag , Vol 42, p 73.(1937) 




JOULE-THOMSON EFFECT AND ADTABATIC CHANGE IN 
DEGENERATE GAS 1 


By D S Kothari, Ph.D , University of Delhi 
(Read November ft, 1937 ) 

Summary 

An expression for the Joule-Thomson effect in a degenerate gas is derived 
A degenerate gas is heated after a Joule-Thomson expansion, the rise in tem- 
perature for a given fall in pressure being greater the greater the degree of 
degeneracy of the gas The ease of adiabatic change is also discussed for 
comparison. An adiabatic expansion lowers the temperature, but the degree 
of degeneracy (and also tho degree of non-degeneracy m the case 0 f a non-de- 
generate gas) remains constant during an adiabatic change 

Introduction 

During recent years thero have been numerous physical as well as astro- 
physical applications of the Fermi-Dirae statistics The researches beginning 
with Fowler (1) and later developed extensively by others, and jmrticularly 
by Milne whoso work has been of far-reaching importance, have established 
the fact that the essential features of the internal constitution of the white 
dwarf stars — stars characterized by a comparatively small luminosity, high 
effective temperature and an abnormally large mean density of the order of a 
million times that of water — can be explained by an application of the theory 
of degenerate electron gas — degenerate in the sense of Fermi-Dirae statistics 
Kothari and Majumdar (2) have recently worked out the degree of ionization 
m degenerate matter in terms of its density or pressure, and have shown that 
the usual theory of the white dwarf stars, when incorporated with the theory of 
ionization, becomes applicable to the planets as well, and leads to several 
interesting conclusions, The most important perhaps is the prediction that 
there exists a maximum radius for a cold * body. The maximum value depends 
to a certain extent on the chemical composition of the material, but as regards 


* In a letter to me Professor Arthur Holmes, Professor of Geology, University of 
Durham (England) suggested the desirability of investigating temperature changes occurring 
in degenerate matter undergoing convection as it may have possible geological applications , 
and I desire to acknowledge that this note owes its origin to the stimulating oorreepondenoe 
with Professor Holmes. 

* The word eotd is used here m a technical sense The planets and white dwarf 
stars will be referred to as cold bodies. In general, matter will be referred to as oold when 
any free -electrons present constitute a degenerate gas in the sense of Fermi-Dirao statistics 
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the order of magnitude it is of the order of the radius of Jupiter, the largest 
planet in our solar system. Thus we see that degenerate matter forms an 
important constituent of stellar bodies and it is worth while therefore to study 
its various properties 1 In the present paper we shall deal with the Joule- 
Thomson effect and adiabatic change. This will have a possible application 
when dealing with temperature changes due to convection currents occurring in 
degenerate matter inside stellar and planetary interiors. However, we shall 
not be concerned with these applications in the present note. 

In section I, we shall derive the expression for Joule-Thomson effect. It 
will be seen that a degenerate gas is heated (and not cooled) when it suffers 
Joule-Thomson expansion, the rise in temperature for unit fall in pressure is 
greater the greater the degree of degeneracy a of the gas After the Joule- 
Thomson expansion, because of the lowering of pressure (i e, electron concen- 
tration) and the rise in temperature, the degree of degeneracy is lower than 
originally. A degenerate gas, if it undergoes continuous Joule-Thomson ex- 
pansion, will experience a rise of temperature at a gradually diminishing rate 
and will ultimately become non -degenerate, and, then, as its behaviour ap- 
proximates to that of classical perfect gas, any further Joule-ThomBon 
expansion will produce (practically) no more rise in temperature 

In section II we deal with the case of adiabatic change An adiabatic 
expansion always lowers the temperature A degenerate gas undergoing 
adiabatic change (expansion or contraction) remains degenerate, the degree 
of degeneracy remaining constant during the change. Similarly a non-de- 
generate gas will remain non-degenerate (the degree of non-degeneracy remain- 
ing the same) 

I. When a gas undergoes Joule-Thomson effect (also called throttling 
process) 

d(E+pV) = 0 ... (1) 

where E is the internal energy and V the volume, both for an assembly of N 
particles (N being the Avogadro number), and p the pressure of the 
assembly. Using the well-known thermodynamic relations 

dQ = dE+pdV = Cjflt+l'dp . (2) » 


l Aooordmg to some researches of Professor Milne all the stars (and not only the 
white dwarfs) possibly contain degenerate oores 

* The degree of degeneracy is measured by the value of the degeneraoy-dison - 
nunant 

nh > 

2(2vmjfcT)*/*’ 

where a la the Dree electron concentration, T the temperature, m the electron mass, and 
k and h denote Boltzman’s and Planck's constant respectively (In this paper we neglect 
the effect of relativity mechanics. The expression for Ao given above refers to the 
non-relativistie ease.) 

> Though hardly necessary, it may be permissible to make the following remarks 
a boat dQ in aquation (2). dQ is defined as the heat flowing into the system when its 
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e obtain the standard expression for Joule-Tiiomson effect. 

'IS).-’ 


a t = - 


-Ap, 


( 4 ) 


where A T represents tho fall in temperature or cooling for a fall m pressure 
A p O p is the specific, heat (per Avogadro number N) at constant pressure 
In the caso of degenerate gas the internal energy to a first approximation 
is given by tho well-known expression (3) 

-H>*S(£n 


( 5 ) 


( 6 ) 


where ,i 0 is (.'ailed the degeneracy-discriminant (for degeneracy A 0 >>1) 

A = »A* 

0 ™ 2(2wmJfcT)*/« ’ 

and t* is the maximum energy of the Fermi-Dirac distribution, i.e. «* is the 
maximum kinetic energy possessed by any electron in an assembly of electron- 
concentration n and at absolute zero of temperature, 


We note that 


" 2m \8 it) 


and C p , the specific he 
volume and constant ] 


( 7 ) 


(8) 


Let us now determine C v and C p , the specific heats (per Avogadro number 
of free electrons) at constant volume and constant pressure respectively 
We havo from (5) 


(») 


whore R = kN is the gas-constant 


internal energy inoreases by dE and the external work done in pdv, p being the pressure of 
the system. But it is only during a reversible prooess that the external work equals pdv , 
in a non-reversible prooess it will be smaller. Therefore dQ does not represent the observed 
supply of heat, i e heat actually supplied except when the prooess is reversible. In a gas 
undergoing Joule-Thomson effect no heat is allowed to flow in or out, but that does not 
mean dQ is zero, for Joule-Thomson effect is non-reversible and so dQ cannot represent 
the observed heat supply which, however, is zero. 
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To determine C p we can make use of the thermodynamic relation 



Noting that 1 


We at once obtain 


( 10 ) 


( 11 ) 


/ dp \ _ 2 ■n t mk i / = vlcn / 4ir \*^* 

\dT/ n ~ 3 A* \3n/ 1" 

u fdp\ 1 A* /.3n\^ s r 1 /2wwtifc7'\* /8 wV 8 "1 

- K Uvj,-3i(w *L 1+ Mnr-J (a) J 

-H»Aten - 

I v n (~\ h 

(dV\ (dp\ (dp\ 2 t*\3Aj V \3 Aj 

Wr“ Wo/ la .i/±LV /8 ~ 2T 1 /±lV /S 

1 + 12W 1+ 12W 


( 12 ) 


(13) 


(14) 


Substituting the above results in (10) wo have 



Substituting for C„ from (9) we get 



Since for a degenerate gas vl 0 >>l, we notice that C p differs very little 
from C v , and this difference becomes smaller as the degree of degeneracy in- 
creases 


> This is so in the non-relativiMtc case with which, m already mentioned, we are con- 
cerned in this paper In the rtiatmuie case p *■ j -p. • 
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We have now to substitute tho expressions for C p and {jppj K lvon by 
(16) and (14) respectively in (4) We obtain after a little reduction 



3 / 4 * 2 ^’^ 1 

8» a \15 m J wF f v 'k 

where » is the number of free-eleetrons per unit volume 

II We now consider an adiabatic process During an adiabatic change 
entropy remains constant The entropy of a degenerate gas is given by 


h * \ 3 nj 


(2ft) 


and hence during an adiabatic process — remains constant This ensures the 
constancy of tho degeneracy -discriminant A 0 , for 


A ° 2(2vmkTfh 


The pressure of a degenerate gas is given by 

F 15 »> \8 v) 

and, therefore, for an adiabatic process 


( 22 ) 


= constant . . . (23) 

Farther, as 

2 E 
P ~3 V' 

and since for adiabatic change 

TdS = dE+pdV = 0, . (24) 

it follows that pV *!* remains constant, 

It is somewhat significant to note that the above relations representing 
adiabatic change in a degenerate gas are just the same as those governing 
adiabatic process for non-degenerate (i e. classteal perfect) gas. 
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JOULE-THOMSON EXPANSION OF A NON- DEGENERATE OAS 


By B N Rrivastava, M Sc , Lecturer vn Physics, Allahabad University 
(Communicated by Prof M N Saha, K R S ) 

(Rend November 6 , 1937 ) 


Various properties of degenerate and non-degenerate mattor have been 
investigated m recent yearn and these results have found numerous applications 
in various physical (1) and astrophysical (2) problems Kothuri (3) has 
calculated the Joule-Thomson effect and adiabatic change in degenerate gas 
(degenerate in the sense of Ferim-Dirac statistics) and finds that the Joule- 
Thomson expansion of degenerate gas leads to heating Tt will be interesting 
to investigate this effect in non-degenerate gas and compare it with the effect 
calculated for a degenerate gas This is done In the present paper 

According to classical thermodynamics the Joule-Thomson effect is 
given by the relation 



where 


fdT\ 

\dp/ H 


denotes the Joule-Thomson effect and C! f the specific heat of 

the gas per N molecules (N = Avogadro number) We have to calculate the 
right-hand side in equation (1) for a non-degenerate gas 

TJio usual expressions for the energy E and pressure p of a non-degenerate 
non-relativistie gas are the following 1 — 


'-* OT [ ,+ sfi-, + ] •• <*> 


1-4 — t -r- + terms 11 

L 2 */«/ 


higher powers 


-3 


( 3 ) 


where 


N 1 nh* 

V' f ~ gVnrnkTfl* 


fi = + 1 for gas obeying Fermi-Dirac statistics 
/8 => — 1 ,, „ ,, Bose-Einstein „ 


1 See Saha and Srivaatava, A Treatise on Heat, (2nd ed ), p. 723 
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We shall neglect quantities containing squares and higher powers of j 


since in this case / >>1. Thus to a first approximation wo have 
„ / 9 E\ 3.., 1 3 A 

-*Nt\ 


13 Nkp nh* 
i 2 5 /* g(2nmk) l l*T*/* 


fc [ 1 ~2 2V, / ] 

To find C p we use the well-known thermodynamical relation 

c '~ Cv= T (I?) ,(!?), 


Using (3) we get 


»).-[-!£] 

_XkT( NkT p 

* F* 1*2*/*/ J F 2*/*/F 

• 

er 

/3F\ / 3p\ / 

W p “ ~w)v/ \ dv / r 


JVir 

F 1 




= Zfi_ ?_JL"1 

T L 2 “ 


Hence equation (5) yields 

c r -c r - T [a { 1 - ! j] \ { 1 - ! ji'L} 
— ATt ['— _M_] » ppr « 


(4) 


(6) 


(7) 


( 8 ) 


( 9 ) 
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■>[*-!£] 




Substituting those values in equation (1) we get 

_s JL 

/3T\ 2 a»/«/ p 

= " - i*S/5 appro, ‘ 

2"*L 2 F5/J 

Henoe 

^ — -57— — . i-e- positive for a gas oboying Bose-Einstom stat 
2/*M 

= ryi — , i e negative for a gas obeying Formi-Dirac st 

°pJ H 2 'l»fnk 


( 10 ) 


(11) 


Thus the Joule-Thomson expansion loads to cooling for a gas oboying 
Bose-Einstom statistics and to heating foi a gas obeying Forim-Dirac statistics 

From equation (11) we have, on substituting the value of /, 

(dp)„ ~ fc b /*2 6 /* T*l* ' (1-) 

Hence we get the interesting result that the Joule-Thomson effect for a 
non-degenerate gas is independent of the molecular concentration n or the 
pressure p of the gas, and vanes inversely as 2’*/* 

Kothan (3) has shown that the Joule-Thomson effect for a degenerate 
electron gas (degenerate in the sense of Fermi- Dirac statistics) is given by the 
relation 



3*'» A* g V» 

2 7 /*ir 8 /»mifc* Tn* 

3 T “I 1 /* 

“ Sk*T Llb^OpJ ” (13) 

Thus we see that for a fixed value of T, the Joule-Thomson effect for a 
gas obeying Fermi-Dirac statistics vanes as for the degenerate state and 
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becomes constant (independent of p) when the gas becomes non-degenerate. 
The .Joule-Thomson effect at different pressures has been calculated for electron 
gas at 5°K. and the values so obtained have been plotted in Fig. 1, where the 
ordinate denotes the Joule-Thomson effect m degrees/dyne and the abscissa the 
pressure of the gas The degenerate state extends to the right of the vertical 
line A and the non-degenerate state to the left of A In the neighbourhood 
of A, however, the shape of the actual curve will differ appreciably from the 



asymptotic formulae [equation (12) for non-degenerate and equation (13) for 
degenerate state] and therefore this region is made dotted to indicate the 
general trend. 

It will be of great interest to examine if the Joule-Thomson expansion can 
possibly afford an experimental test of the statistics obeyed by a gas The 
only possible gas for which a test is possible is helium, smce it is the only sub- 
stance to remain in a gaseouB state to very near the absolute zero m which 
region alone the Joule-Thomson effect duo to statistical deviation becomes 
appreciable But the thermal effect observed in a Joule-Thomson process is 
due not only to the statistical deviation from the classical perfect gas dis- 
cussed above but also due to van der Waals’ correction terms. We shall 
evaluate numerically the magnitude of these effects for helium. 
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Supposing helium gas obeys Boso-Emstcin statistics (which we know to 
be a fact from band spectra data) wo have 




(8 55x10 ^"xl 01X10® 

■ — 7- per atinos 

7’ 8 /* (2tt x 4 x 1 66 x 10 “)•/■ (1 37 X 10 *•)*/* 2 5 /* 


r*/i 


degree/atmos 


(14) 


Calculation shows that at T = 5°K and p — 1 atmos., / = 10, hence helium 
would remain almost non-degonerate Hence at this temperature and 
pressure (A T) it#tli = 0-076° 

For a van dor Wauls’ gas the expression lor cooling, to a first approxima- 
tion, is given by 

^ ' 16 > 

Substitutmg the values ol a and b lor helium, viz a = 0 0341 X 10 6 atmos , 
b * 23-7 c c. we get for T — 6°K., AT = 0-68° per atmos 
Usmg the more accurate expression, viz. : — 

(16> 

j , 2o 3oh . 

and c p " °p 0 + Rf t p ~ Wr* p 

wo got for T = 5°K. and p = 1 atmosphere 

AT = 067° per atmos. 

As vjm der Waals’ equation may not hold in this region we shall calculate 
the Joule-Thomson effect by utilizmg that equation of state which is found 
experimentally to hold in this region Using Kamerhngh Onnes’ equation 1 

pV = .R2 , |h~+ (17) 


1 L Cropper (4) has developed the quantum theory of the equation of state at low 
temperatures and has deduced an expression for the second vinal coefficient For a gas 
obeying Bose-Einstem statistics he finds that approximately at low temperatures 


-Nm-*m o)- 


where A* =. The evaluation of the funotion / however cannot be done 

without recourse to experimental data and even then the values are not free from 
uncertainties, and hence it is best at the present stage to use direotly Kamerhngh Onnes* 
equation. 
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we can deduce, oorrect to small quantities of the second order, that 


or 


' 80 . 




_dB 
V dT ~ 


{»*) 


V* \9T, 


1 dC 2 G (dV\ "I 
+ yl d T V*\9Tj p J 



R 1 + 


Bp 


BY , <y \ , dB_B£ dB'P* dC 
R i T i+ R i T*) +P dT RT dT + RT dT 

p+ rt + if*r s Wr* 


'GE )■ 


-?[‘+5S+A{™ 

- 7 '®- J,+ ^{ 1!B, - 2J,ir 5f- 20 + 7 ’S} (18 > 

A van Itterbeck (5) found that between 14 50° aud 3 70°K , B is given 


“ pt ' pi 


in Kamerlmgh Onnes’ units Multiplying this by 22 4 X 10* we get 5 in c o 
mole The values of C are not very accurately known In the lower tem- 
perature region the values of C given by Keesoro and Kraak (6) may be taken, 
while at the higher temperature C may be neglected. C p may be calculated 
with the help of the approximate formula 


C ' aG '- Tp % 


where C r = for helium. Making use of these results we get for T «= 5°K. 
and p *>°i atmoe. 

$„ AT — 0-83® per atmos. 

Calculations for T ** 10°K and p «■ 5 atmos, have also been made and 
are given in the following table together with the values for T m 5°K. and 
p«l atmos. 
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TABLE 1 — JoULE-ThOMSON EFFECT (fij) IN °C. PEB ATM08 



For T = 6°K. and 
p = 1 atmos. 

For T = 10°K and 
p 5 atmos. 

Hj statistical 

0 076° 

0‘02V 

Pj from van dor Waals’ equation (first 
approx ) 

0 68 

0-285 

Pj do. do (second approx ) 

0 57 

0 262 

p j from K Onnes* experimental equation 

0-83 

0 375 


These results clearly Rhow that the Joule-Thomson effect due to statistical 
deviation amounts to about 10% of the total expected value for the gaH at 
these temperatures , in other words, about 10% of the cooling is contributed 
by the statistical effect and the remainder by van der Waals’ correction terms. 1 

The experimental data on Joule-Thomson effect in helium are at present 
too meagre and cannot be utilized as a check to the conclusions arrived at 
above. The recent experiments of Roebuck and Osterberg (7) were not 
carried below 83°K and thus at the temperatures of their experiment the 
statistical effect would be imperceptible. 

Jaoyna (8) in a number of papers has calculated the Joule-Thomson effect 
and the inversion curve for helium on the basis of his thermodynamic equation 
of state. He has however not given the values of pj ill the range of tempera- 
tures discussed here. He finds that pj will be zero at all temperatures for 
p-+Q. We have seen here that duo to the quantum statistical effect pj will 
not be zero even at p-»-0 as van der Waals’ equation might suggest but will 
approach a limiting constant value, the value dependmg upon the temi>erature 
For high temperatures the value is extremely small and hard to detect experi- 
mentally but at T ss 5° or 10°K it can possibly be detected As already 
mentioned, no experiments in this region have yot been earned out. 

My best thanks are due to Prof M N Saha, F.R.S., for his kind interest 
in the work, and to Dr 1). S Kothan of Delhi University for a disoussion of 
the problem. 

Summary. 

An expression for the Joule-Thomson effect in the case of a non-degenerate 
gas has been derived. According to this the Joule-Thomson expansion will 


l Sinoe the value of pj calculated from the experimental equation of state is always 
greater than that calculated from van der Waals' equation, it follows that the calculated 
values are perfectly consistent with the view that helium obeys Bose-Emstein statistics. 
Exact verification can only be done when the exact contribution of van der Waals’ terms 
is separately known. Thu is not possible at present. 
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lead to cooling for a gas obeying Bose-Einstein statistics, while for a gas obey- 
ing Fermi-Dirac statistics it will produce heating The magnitude of this effect 
varies as T ~ and is independent of pressure. For the sake of comparison 
the Joule-Thomson effect has been calculated for helium at certain tempera- 
tures on the basis of van der Waals’ equation and K Onnes’ experimental 
equation. It is found that at 5°K. the Joule-Thomson effect due to statistical 
deviation, i e. deviation from the classical perfect gas state due to effect of 
quantum statistics, amounts to about 10% of that calculated from K Onnes’ 
experimental equation of state, while at 10°K it is 8%. It is suggested that 
the Joule-Thomson expansion of helium gas at very low temperatures may 
afford an experimental test of the statistics obeyed by this gas 
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THE CHEMICAL FIXATION OF NITROGEN AT LOW TEMPERATURE 
AND ITS SIGNIFICANCE IN AGRICULTURE 

By li Ramamookthy, M Sr , 

Post-Graduate Research Student, Imperial Ayricultuial Reseaich Institute , 
New Delhi 

(Communicated by Rao Bahadur B Viswa Nath ) 

(Read November 6, 1937 ) 

Work on nitrogen transformations in the soil has established three tacts 
1. Fixation of atmospheric nitrogen following the oxidation oi 
carbohydrate materials 

2 Oxidation of ammonium comi>ounds to nitrates 
3. Loss of nitrogen 

The oxidative proteases which are believed to he mainly brought about 
by micro-organisms may be represented by the following main reactions 
Starting with urea the degradation product of proteins — 

CO(NH 2 ) 2 + 2H 2 0 = (NH 4 y:o 3 
2NH„+30 2 = 2HNO z +2HjO 
2HN0 s +0 2 = 2HNO, 

2HNOj * 2HN0 2 +0 2 
41IN0 2 = 2H 2 0+2N 8 +0 2 

Energy relations are important considerations in the proeess and the 
nncro-orgamsms concerned utilize earbohydrates and proteins of the organic 
matte represent in the soil as sources of energy 

Recently Dhar and his associates (Influence of light on some Biochemical 
Processes, Society of Biological Chemists, India, 1935) have put forward the 
view that light energy is concerned m the process of nitrification and that the 
process is partly biological and partly photo-chemical This view is corro- 
borated by Corbet, (Biochem dour , 28, 1934) and others, while Fraps and 
Hturges ( Soil Set , 1934), Joshi (Sn Reports, Imp Agri Res Inst, 1934-35) 
and others deny photo-chemical nitrification Joshi on the other hand observed 
decomposition of nitrates in light. 

Viswa Nath ( Presidential Address, Agrtc Section, Indian Science Congress, 
1937) has drawn attention to the apparently conflicting processes of oxidation 
of ammonia and losses and gams of nitrogen occurring m the soil, and suggested 
a re-examination of the whole problem, particularly in regard to the significance 
*Sf nitrogen loss which appears to bo followed by nitrogeA fixation In the course 
of studies on soil nitrogen which are in progress at the Imperial Agricultural 
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Research Institute, it occurred to the author that the chemioal energy of 
oxidation might m some way be concerned in the process. 

In reviewing the literature on chemical chain kinetics especially phos- 
phorous oxidation first studied by Van Marum [Ann Chxm. Phys., 1799) up to 
Melville (Trans. Faraday Soc., 28, 2, 815 , 1932), it is now established that Phos- 
phorous oxidation is definitely propagated by energy chains and by collision 
with other molecules these chains are broken. The effeot of various gases in 
ohanging the critical pressure limits has been thoroughly investigated by others. 
But the question as to what happens to the energy of these chains in a deacti- 
vating collision with another molecule has not been touched upon so far. 

Experimental, — ShOnbem (Poggendorf’s Annalen, 1846, 65, 89) first 
recorded the formation of hydrogen peroxide and ozone when moiBt P is oxidized 
in air Russol ( J C.S., 83, p 1263 ; 1903) studied oxidation of moist phos- 
phorous and mentioned that, in addition to ozone and H s Oj, ammonium 
nitrite and nitrate are also formed, but he has not given experimental evidence 
in support of this statement. 

Experiments with phosphorous — 5 gms. of phosphorous were placed in a 
bulb and air which was first punfied by passing through two bottles each of 
sodium hydroxide, sulphuric acid and 6% solution of ferrous sulphate m dilute 
HjSO*, was passed slowly over the phosphorous in the bulb and the products 
of reaction were oaught in 2N solution of sodium hydroxide There was a 
side feeder of purified air joining the products of reaction in their passage from 
the bulb to the absorption vessels. The sodium nitnte formed was estimated 
colorimetnoally with Lunge’s modification of Greiss-lllosway reagent. The 
oxidation may be represented as — 

N t +0,-»-2N0 

2NO+O t -*2NO, 

NOg+NO-vN.O, 

The rate of passage of air and the amount of moisture present appear to 
mfluenoe the yields. The yields are more with slower oxidation and greater 
moisture m the system. Typical results of several experiments are given 
below : — 


Nature of experiment*. 

Mgm N as NgOj. 

1. Very rapid flow of air 

Nil 

2. At 160 bubble* of dry air per 2 minute* 40 


seconds 

0-01 

3. At 160 bubble* of moist air per 2 minute* 


40 seconds over phosphorous 

002 0-03 

4 . At 160 bubble* of moist air per 2 


minutes 40 seoonds over moist phos- 


phorous 

0- 04-0- 06 


Experiments with tin and magnesium. — The air feeder being out oft, and 
when foils of metals, tin and magnesium were exposed to the issuing produots 
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of the above reaction, the exposed surface of the metal was completely covered 
with the nitride 

When 0'8 gm of tin was used in the experiment, 0 6 mgm. of nitrogen 
was fixed If more surface could be exposed more nitrogen would probably 
have been fixed. The nitride of metals was also detected in the oxidation of 
potassium, but the rapid formation of a protective layer of the peroxide 
prevented further study. 

Experiments mth mne auyar — When the products of phosphorous oxidation 
are passed over moistened Merck’s extra pure cane sugar with the side feeder 
of air, 0 - 26±0 01 mgm of nitrogen wiih fixed 

Thus at ordinary air temperature the N s present m an oxidation system 
is capable of becoming active and combining with metals, oxygen and other 
substances as the case may be 

The next experiment was earned out with Merck’s cane sugar oxidation 
instead of phosphorous, but in this case at high temperatures (50*0 and 
90°-98°C.) by passing a current of punfied air for 48 to 72 hours. Large 
quantities of ammonia were detected with Nossler reagent as against blanks 
The results of the experiments using 4 gma. of moist sugar spread in n U tube 
at 98*0. were : — 


No of hours 

Mgm. of nitrogen as 

Mgm of nitrogen as 


NHj 

n 2 o 3 

05 

0-00 

0-07 

05 

0 05 

0 08 

08 

0 075 

0 084 


Those rosults with cane sugar are in oonformity with the findings of Dliar and his 
associates (Proc. Nat. Acad Set , AUdhabad, 19th Dec., 1935), the only difference 
being that the influence of light, micro-organisms and catalysts (particularly 
ferrous iron itself in the oxidation of which ammonium salts were reported 
by Russel, 1903) is eliminated and that the nitrogen fixed is related simply to 
oxidation of sugar only N|0, was also detected with the Grows reagent 
Further work is m progress on tho quantitative relationship between carbon 
oxidized and mtrogen fixed merely as the result of chemical oxidation. 

Kxi experiment on the reciprocal process of carbon fixation resulting from 
ammonia oxidation m unstonlized soil has given a result of 50±4'5 mgm of 
carbon fixation but this needs further verification. 

These experiments point to the possibility of oxidation and reduction 
processes in biological systems by direct energy transfers. Apart from their 
theoretical interest in explaining some gaps m our existing knowledge, they 
are of considerable practical importance to agriculture. Considering for 
example the work on oarbon assimilation in vitro, Baly (Proc. Roy. Soc. A 116, 
p. 212 ; 1927) has worked out the energy relations of photo-synthesis. For a 
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single gram molecule of hexose sugar formed from COg, 673,800 calories are 
at least required, while the living leaf achieves this by the absorption of 
263,000 calories even, under the influence of red light The question of absorb- 
ing more quanta is improbable (Kohn, Nature, 137, p 706 , 1936) This 
difference may at least be accounted for partly if the energy of simultaneous 
oxidative processes is taken into consideration. It may explain the Blackman 
reaction in a new fashion (Emerson, Ann Be v Biochem , 1937, p 538) and 
also the absolute necessity of O s for photo-synthesis emphasized by Willstatter 
and Stoll (‘ Untersuchungen fiber die Assimilation Berlin, 1918, p 348), 
the significance of the internal factors other than the chlorophyl content and 
the not always convincing results of photo-synthesis in vitro of several workers 
(Spoehr, Ann. Rev Bwchem , 1933, p 463) by merely exposing carbon 
dioxide and water without providing for an additional source of oxidation 
energy, just as, for example, ammonia oxidation is used by some micro- 
organisms for carbon fixation 

In regard to nitrogen fixation in soils, the fixation through chemical 
oxidation may explain nitrogen fixation m the hot months of May, June and 
July (Bal, Proc. Nat Inst Set India, 3, p 57 , 1937) ; it may also explain the 
beneficial advantages of moderate ploughing of the soil, although Leather (Mem 
Dep Agn India, Chem. Series, 14, No 3, p 134 , 1915) has shown that gaseous 
exchange occurs m soils to a depth of 1 ft. It suggests also a new orientation 
to the problem of nitrogen conservation from the point of view of the 
conditions necessary for an effective transfer of chemical energy by means ot 
collision between molecules of nitrogen and the energy source 

I take this opportunity to record my deep sense of gratitude to Rao Bahadur 
B Viswa Nath, F.I C , F N.I., for his great help and valuable guidance in 
the entire course of this work 



A STUDY OF THE BEHAVIOUR OF SOME COMMON VARIETIES OF 
SUGARCANE IN REFERENCE TO THE ATTACK OF BORERS 
AT PUSA (BIHAR) DURING 1935-36 

By Hem Singh Pbitthi, M Sc., Ph D (Cantab ),F N I , Imperial Entomologist, 
and E S. Narayanan, M A , Assistant to the. Imperial Entomologist, 
Imperial Agricultural Research Institute, New Delhi. 

(Read November 6, 1937 ) 

Introductory 

The cultivation of sugarcane has rapidly extended during the last ten 
years m almost all the cane-growing tracts of India The extension in the 
cultivation of this valuable crop has naturally brought its insect pests into 
great prominence Borers constitute the most serious pests Reports from 
various parts of tho country indicate that on an average about 10% of the 
crop is damaged by these pests every year Recent work in several countries 
has shown that all enno varieties are not equally susceptible to damage by 
borers [Cleare, (1934) , Holloway, (1935) , Tucker, (1936) , etc ] In Tndia 
numerous new varieties of cane are distributed periodically from Coimbatore 
for trial m the provinces and it is of grout economic importance to ascertain, 
in addition to other^tactors, the behaviour of such varieties towards insect 
pests m different regions of the country Observations on this aspect of the 
problem have been taken on several varieties at Pusa 1 and some localities in the 
Punjab 1 during tho last five or six years and at Muzaffarnagar (United 
Provinces) for the last one year or so, 1 but in most cases the observations 
have been based on only a small number of canes of a few varieties at a time 
As far as the available literature shows, hardly any critical large-scale 
investigation, to study the comparative susceptibility of the most common 
varieties of an area while grown side by side, has yet been undertaken at any 
station in the country Therefore in the cane season of 1935-36, while the 
Imperial Agricultural Research Institute was still at Pusa, a study into the 
behaviour of the five common varieties of cane of North Bihar was made, the 
results of which are described in the following pages. 

Material and Methods 

The varieties under study were Co 210, 213, 299, 313, and 331. They 
were planted in a randomized plot about two acres in size in the Harpur jilli 

I See the Annual Reports of the Imperial Entomologist, Pusa, and those of the 
Director of Agriculture, Punjab, for the years 1930-30, and of the Director of Agriculture, 
United Provinoea, for 1035-30. 
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field of the Pusa Estate. The detailed plan of the layout (Fig. 1) was 
as follows : — 

The plot was divided into eight blocks and each block was sub-divided 
into five divisions, each division measuring 60'x24', with a six feet broad 
passage all round. Each division contained one particular variety and the 
planting was done in such a way that oach block contained all the five varieties, 
labelled A, B, C, D, and E, in the figure. Planting was done in all the 
divisions lengthwise (east to west) in rows three feet apart from one another 
as shown in D of blook No. 8 in Fig. 1. Thus there were eight rows of each 
variety in a division and the various varieties were distributed in the blocks 
at random. Four (Nos. 1-4) out of the eight blocks wero kept as controls, 


Lay-out of The Experimental Plot 



EAST 


Fio, 1. 

whereas in the other four (Nos. 5-8) tho dead hearts (external symptoms of 
borer attack) caused by various borers were removed and then: causal agent 
examined and determined every month Thus data about the number of 
dead hearts appearing every month and the kind of borer or borers responsible 
for them were obtained. Two hundred canes of oach variety from each 
division, viz. 800 canes of each of the five varieties, were thus examined every 
month. In the control blocks the total number of dead hearts observed every 
month was recorded but no dead heart was actually removed. 

The borers found infesting the crop at Pusa were of the following species : — 
Top-borer — Sc\rpophagh niveUa Fab. Occasionally a few specimens of 8. 
monoetigma Zeil. were also obtained. 
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Stem-borers — Diatram (Argyria) shclicraspis Hmp. was the most common 
species (80-85%) ; D venomfa Wlk was about 15% and Chilo zondlua 
Swinh 3-5% The seasonal history and habits of the three species 
were almost similar and therefore they were considered as one post. 

Root- borer — Emmalocsra depressella Swinh 

Observations 

The observations on the incidence of pests on various varieties in different 
blocks throughout the year are detailed in Table I The same observations 
are summarized in Table II, in which the data from different blocks have been 
pooled together In Tables II I— V 1 1 the observations on each of the five 
varieties under investigation have been tabulated separately, so that the 
behaviour of a particular variety at different times of the year can be examined 
readily. Tho data given m these five tables are graphically shown in Figs 2-6, 
so that the reader can easily have an idea of the tiehaviour of various pests 
at different times ot tho year infesting a particular variety In Figs 7 and 8 
the increase in the aggregate number of dead hearts during different months 
is shown graphically. The observations are summarized below. 

The Stem-Bobeb. 

The stem-borer moths emerging from tho hibernating larvae of the previous 
season were first seen in tho cane fields early in March and they started oviposit- 
ing soon afterwards. The young larvie startod boring into the stems within 
a week and dead hearts, the external symptoms of their attack, began appearing 
m Apnl. * The same was observed by the staff of the Imperial Entomologist, 
during the previous five years The percentages of dead hearts caused by this 
pest in various varieties during different months of the year arc given ui 
Table II, column 6. During April this percentage vanod between 0-16 and 
0-57. \Vith tho onset of summer the activity of this pest mcreased and the 
groatest number of dead hearts in all varieties caused by this bornr were observed 
during June (2 , 76%-6 , 75%) From July onward the activity of stem-borer 
remained at a low ebb (Figs. 2-6), and tho pest was not responsible for causing 
more than 2 5% of dead hearts in any month m any variety (Tables III-VIT) 
yVith regard to the comparative susceptibihty of various varieties to the 
attacf of stem-borer, Co 213 proved to be the most susceptible. During June, 
when all the varieties had tho highest number of dead hearts caused by this 
pest, Co. 213 had 6-75%, Co. 210 came next (5-33%), Co. 301 had 3-03%, 
and Co. 313 showed the least damage (2*75%). ‘During the rest of the year 
also (Table II, oolumn 6) the various varieties showed damage m the same 
order of intensity as above. Though Co. 299 and Co. 313 were equally damaged 
during June, the latter variety was however more damaged during tho rest 
of the year, therefore keeping tho whole year in view, Co. 299 proved to be 
the most resistant. 
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The Top-Borer. 

As observed by the staff of the Imperial Entomologist during the previous 
five years or so, the top-borer moths also emerged and started laying eggs m 
March, and the dead hearts caused by the borer larvae began appearing during 
April. The number of dead hearts caused by this pest gradually increased 
during May and June (Table II, column 5), but during July there was a sudden 
increase when the percentage of dead hearts in the various varieties varied 
between 5-38 and 9-63 After this month there was a fall in the ease of all 



Fio. 2 Percentage of dead hearts caused by all borers (shown by straight line) 
and by various borers individually at different times of the year in Co 210 

varieties (Tables II-VII), probably due to the monsoon, the highest percentage 
during August being 2*25. The number of dead hearts observed in October 
(9 , 13%-12*83%) represented figures for two months, as no observations had 
been taken during September due to floods Even keeping this fact in view, 
the increase in the number of dead hearts in the beginning of autumn was 
evident, as during November the percentage varied between 5-88 and 11*38 
There was a slight decrease after this month, but the percentage remained at 
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a high level throughout the winter Thus unlike the stem-borer, the top- 
borer was active almost throughout the year except during the monsoon 
months, and was moHt serious at the height of summer nnd then again m 
autumn (Figs 2-6) 

As regards tho comparative susceptibility of the various varieties, it will 
be evident from a perusal of Table II, column 5, that whereas up to the end of 
July this pest caused almost the same percentage ot dead hearts in all the 
varieties, after the rains the variety Co 210 suffered the most during the rest 



Pto 3 Percentage of dead hearts oaused by all borers (shown by straight line) 
and by various borers individually at different times of tho year in Co 213 

of the soason Co 213 behaved slightly better than Co 210, Co 291) came 
next, anti Co 313 and 331 proved to lie most resistant 

The Root-Borer 

The moths of this pest as those of the previous ones were observed in 
fair numbers in the field in the first week of March and dead hearts caused by 
the borer larvae appeared m April At this time the root-borer was responsible 
for causing a much higher percentage (3 63 to 6-75) of dead hearts in all varieties 
than stem- and top-borers taken together (Table II, cf column 7 with 6 and 6 
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and Tables III-VII). During May the position was almost unchanged. In 
June the percentage of dead hearts went down slightly, but it considerably 
increased again during July (5-25 — 11-75%), obviously due to the attack by the 
second brood of the pest. At this time again, of the dead hearts exammed , more 
were caused by the root-borer than by the top- and stem-borers together. 
During tho monsoon months the damage caused by this pest was less, as was 
the case with other borers described above. There was a slight increase during 
October and November, but it was never so high as dunng the summer months 



and by various borers individually at different tunes of the year in Co. 299. 

(Table II, column 7 and Figs. 2-6) From the beginning of December onwards 
there was very little damage by the root-borer (0-38%-2-5%). 

As regards the relative susceptibility of various varieties, Co. 331 proved 
to be the most susceptible to the attack of this pest throughout the year. 
Co. 213 was slightly less susceptible. During July, when tho percentage of 
dead hearts caused by the root-borer was the highest, these two varieties had 
11-75% and 10-23% of dead hearts, whereas in each of the other three varieties 
dead hearts were about 6-5% only. Though in July these three varieties had 
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almost the same percentage of dead hearts, their behaviour studied throughout 
the year (Tables II-VII) showed that of the throe do 210 suffered the most 
Thus Co. 299 and Co 313 proved to be the least susceptible to the attack of 
this pest. 



Fio 5. Percentage of dead hearts caused by all borers (shown by straight line) 
and by various borers individually at different times of the yoar in Co 313 

Aggregate dead hearts in the control plots. 

As has been stated in the beginning of this article, 800 canes of each 
variety were examined every month also from the control blocks, m the same 
way as from the experimental blocks, except that, in the former ease the dead 
hearts after counting were not removed and their casual agents not deter- 
mined. The oontrol plots therefore presented the natural condition The 
percentage of accumulating or aggregate dead hearts m various months in 
different varieties is graphically shown in Fig. 7, whereas the monthly 
increase in dead hearts every month is shown graphically in Fig. 8 It will 
be observed that as the season advanced the number of dead hearts increased 
and did so suddenly in June and July (see Fig. 8) and then rapidly decreased in 


04 H 8. PBUTHI & E S. NARAYANAN . STUDY OF SOME COMMON VARIETIES 


the succeeding months Figure 7 shows that Co 210 suffered the greatest 
amount of damage, and Co. 299 the least. 

Furthermore, it appears from Fig. 8 that the new dead hearts that were 
formed each month in the control blocks were not so numerous as those which 
appeared in the experimental blocks in which all the new dead hearts were 
removed every month. This suggests that the removal of dead hearts from 
a particular field does not help much to check the damage if similar action is 
not taken in the surrounding fields from where the pests can have free access 
to the fields which are made practically pest free. 


Co 33/ 



\ro MAY JVM JULY AOg SEA ter NOV ne jan rn 

Fid 6 Percentage of dead hearts caused by all borers (shown by straight lme) 
and by various borers individually at different times of the year in Co 331 


Conclusions and Summary. 


From the foregoing it will be observed that all the three borers begin 
their activity at Pusa during March. They become more numerous with the 
approach of the hot weather. This might be due to the normal increase in 
the number of the pest, inasmuch as early in May there is a second brood of 
the moths in the field which is naturally much bigger than the initial one, or 
it may be due to the influence of the hot dry weather During the monsoon 
months the damage by all borers decreased but increased again soon after 
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Fia. 7. Percentage of aggregate dead hearts at different times of the year 
in various varieties. 
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the rains were over. The increase in the activity of borers during autumn 
was especially well marked in the case of the top-borer, whioh caused in 
almost all the varieties examined more damage at this time than even 
at the height of summer. Furthermore, when the winter set in, whereas 
there was considerable decrease in the damage caused by stem- and root-borers, 
the damage by top-borer remained at a fairly high level These observations 
confirm those already taken by the staff of the Imperial Entomologist during 
1930-35 (op. tit ). 



Fio 8 Monthly increase in dead hearts in various varieties 

As to the cause of the difference in behaviour of the various borers, apart 
from the peculiar biology of individual pests, the stage of growth of the cane 
seems to play a very important part, As the top-borer attacks the growing 
region of the plant, it is active throughout the growth of the cane. The 
stem- and root-borers which attack the stem and basal parts of the plant 
as long as they remain soft, cause most damage in the early stages of the 
crop, vk. till the onset of the monsoon After this period they mostly attack 
the tillers, which are usually given out up to the end of November, 
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As regards the relative susceptibility of the various varieties under investi- 
gation, only tentative conclusions can be drawn at present, as extensive and 
properly planned observations have been taken during one season only The 
data collected and summarized in the previous pages indicate that a partu ului 
vanety may be resistant to one borer and susceptible to another For example, 
the vanety Oo 331 was found to be most susceptible to the attack by the 
root-borer but very rosiHtant to that by the top-borer the following table 
the various varieties have been arranged in order of merit, in reference to 
their susceptibility to the attack of different horeis, as obsotved in 1935-36 




Stem- 

borer 

Top- borer 

Root-bore 

Ijeast susceptible 

fCo 

LCo 

299 

313 

[313 

L331 

r>99 

l3I3 



Co 

331 

299 

210 



Co 

210 

213 

213 

Most HI 

isceptiblc 

. Co 

213 

210 

331 


Taking all the borers into consideration, the varieties Co 313 and Co 209 
seemed to be most resistant, Co 331 intermediate, and Co 213 and Co 210 
the leuHt resistant. 

Abstract. 

The fact that certain varieties of crops are resistant to insect attmk 
has been established on general lines for some time past. Sugarcane which 
is one of the most valuable crops in India is seriously damaged by certain 
moth borers every year In other countries, eg the West Indies, etc , wheie 
this crop is also attacked by borers, belonging to allied species, it has been 
found that certain varieties are more resistant to the attack of these pests 
than others In India a large number of Coimbatore cane varieties are dis- 
tributed every year and are tested in vanous provinces with regard to their 
yield, ete. Only occasional observations have been taken on their behaviour 
in reference to insect pests Therefore, a detailed study from this view-point 
of the most common cane varieties of North Bihar was made at Pusa during 
1935-36, the results of which are described m the paper 

The five common varieties Co. 210, Co 213, Co 299, Co 313 and Co 331 
were critically studied. They were grown side by side in a randomized plot 
and about 800 canes of each vanety selected from various parts of the field 
were examined every month for dead hearts (the external symptoms of borer 
attack), which were dissected and their causal borer determined The number 
of fresh dead hearts appearing in each variety dunng different months of the 
year were noted. Examination of the data thus collected lead to the follow- 
ing general conclusions — 

Moths of all the three borers, viz top-, stem- and root-borers emerge in 
the field in March They lay eggs soon afterwards and tho young borers 
hatching therefrom attack different parts of the cane and cause dead hearts 
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which appear during April. As the season advances all the three borers become 
more active and cause the maximum number of dead heartB during June or 
July. During the monsoon months their activity decreases but soon after 
the rains are over it increases again. The damage by the top-borer is espe- 
cially very heavy during autumn. Tliis pest remains active almost throughout 
the year, whereas the dead hearts caused by the stem- and root-borers during 
winter are comparatively few. These results are in accordance with tho 
observations taken by the staff of the Imperial Entomologist during the last- 
five years or so. 

As regards the comparative susceptibility of various varieties, the con- 
clusions derived are yet only tentative as the varieties have been studied on a 
large scale and under properly planned experiments for one season only. 
Taking all the borers into consideration, Co. 313 and Co. 299 Beem to be the 
most resistant, Co. 331 intermediate, and Co. 213 and Co. 210 the least 
resiBtaj)*, 
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Tablb 





individual blocks at different limes oj the year 



due to floods 




Tabu 11. 


The total number of dead heart t caused by borers tn vanou* vaneUee in all the experimental 
and control block*. 





Table in. 

Number of dead heart* during different months m Variety Oo. 210 


Time of 
yt»ar 

| Experimental blocks. 

j Control blocks 

No. of 

amined 

Dead 

during 

the 

month 

Dead 

caused 

%• 

1 

Demi 
hearts 
caused 
by stem 
borer 

Dead 
hearts 
caused 
by root 
borer 

Dead 
hearts 
caused 
by borers 

binat.on 

Aggre- 

gate 

dead 

^/o 

Ho 

Ap-" ' 

600 

5 83 

0 17 

0 50 

5 17 


3 63 


May 

600 

6 83 

1 0 

2 33 

3 50 


8 38 

June .. 

600 

10 00 

20 

6*33 

2*67 


22 75 

July 

600 

14 60 

6 83 

2° 

8-67 


40 75 

In the control blocks 800 plants were examined every m 

August 

600 

6 33 

1 6 

0*17 

! 

3 67 

! 


40 78 

September 

j No observations taken due to floods. 

October . . 

600 

17 83 

12 83 

i 

1 33 

36 

0 17 

44 75 

November 

600 

14*33 

10*60 

0*17 

3*67 


49 25 

Deoember 

600 

12*33 

900 

0*60 

2*33 

0*60 

67 5 

January . . 

600 

7*60 

6*50 

0*17 

0*17 

0 67 

63*13 

February . . 

600 

8*00 

1 

, 7*00 

0*17 

0*83 

0*78 

71*5 
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Time of 

Experimental block*. | 

CONTBOL BLOCKS 

No of 

ami ned 

Dead 

hearts 

during 

the 

month 

%■ 

Dead 
hearts 
caused 
by top- 
borer 
%• 

Dead 

caused 
by stem- 

°r 

1 

Dead 

hearte 

caused 

% 

Dead 

hearts 

by borers 

bl.mt.on 

Aggre- 

gate 

dead 

°%- 


April 

700 

fl 71 

0 57 

0 57 

5 50 



In the control blocks 800 plants were examined every month 

May 

800 

5 75 

0 13 

2-76 

2 88 

2 88 

! 


fl 25 


800 

11 25 

1 63 

0 75 


16 38 

July 

800 

20 38 

7 75 

2 50 

10 13 1 

i 


— 


800 

4 38 . 

1 60 


2 88 


38 25 

September 

No observations taken due to floods 

October 

800 

17 75 

1 1 25 

1 00 

5- 13 

0 38 

42 03 

November 

800 

14 13 

7 13 

1 13 

5 88 


45 5 

December 

800 

11 38 

7 03 

1 25 

2 50 


45-50 

January . 

800 

8-75 

5 50 

1 38 

0-88 

1 00 

40 25 

February. . 

800 

7-75 

5-25 

1-88 


0-63 

61-50 



Table V. 


Number of dead hearts during different months in Variety Co. 




Experimental blocks. 


Control blocks 

Time of 
year 

No. of 

ammed. 

Dead 

during 

the 

month 

Dead 

caused 
by top- 
borer 

1 

Dead 

caused i 
by stem- 

Dead 

Dead j 
hearts 
caused ! 
by borers! 

bination 

Aggre- 

gate 

dead 

Re 

mark- 




4 






Apn ' 

033 

3 79 

; 

0 18 

3 63 i 

i 


4 25 

1 


May 

731 

4 38 

0 55 

0 55 

j 3 28 


j 8 50 


June 

800 

7 26 

2 25 

2 75 

2 26 


| 11 75 

5 

July 

800 

| 17 13 

9 83 

0 86 

6 63 


33 25 

td every me 

August 

800 

4-00 

2-13 


1 87 


35 63 

| 

I 

s 

3 

s 

a. 

S 

September 


No observations taken due to floods 


October 

800 

13 

9 0 

0 75 

2 75 


41 25 

£ 

l 

"3 









it 

November 

800 

14-38 

11 38 

0 63 

2 38 


43 5 

8 

1 

December 

800 

8-00 

6 38 

0 13 

1 13 

0 38 

43 63 

j 


January 

800 

0 88 

5 75 


0 63 

0-50 

| 48 00 


February 

800 

5 23 

4-88 


1 

0-38 

j 50-25 




Tab lb VI. 

Number of dead hearts dunng different months tn Variety Co 313. 




Experimental blocks. 


Control blocks 

Tim© of 
yoar. 

No. of 

aminod 

Dead 

during 

the 

month 

%• 

Dead 

hearts 

caused 

b^top- 

%• 

Dead 

canned 

'vzr 

%• 

Dead 

oaused 
by root- 

%r 

Dead 

by borers 

bmation 

%• 

Aggre- 

h *%" 

He- 

Apr" 

657 

4 26 


0 46 

3 81 


4-50 


May 

800 

6 00 

0 25 

1 50 

3 25 


5 50 


June 

800 

6 73 

1-25 

2 75 

1 75 


17 50 



July 

800 

12-26 

5 38 

0 63 

6 25 


35-00 

1 


A ""nut 

800 

4 75 

2 25 

0 13 

2 38 


30 13 

1 


September j 


No observatioi 

s taken due to floods 




Ootober 

1 

800 

16 63 

9 13 

2 38 

500 

0-13 

39-88 

; .... 

i 

i 


November 

800 

9 88 

5 88 

0 88 

3-13 


44-25 

I 

1 

December 

800 j 

10-00 

6-75 

0-75 

2-25 

0-25 

45-5 


January 

800 

6-00 

4-50 

0-13 

M3 

0-26 

49 5 


February . 

800 

7-88 

5 63 

1-00 


0-75 

61-13 
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l K ANAN1 HAKRISHNA IYER 



DEWAN BAHADUR, DR L K ANANTHA KRISHNA IYER 


(1861 1937 ) 

Dewan Bahadur Dr Ananthakrishna Iyer was bom m 1861 at 
Lakshmmarayanapuram, ono of the Brahman villages m Palghat, in the 
Malabar district of the Madras President y Ananthakrishna’s father, L N 
Krishna Iyer, had inherited the traditions of an orthodox and cultuied 
Brahman family, and was himself a Vodic scholar of great local reputation 
Ananthakrishna Iyer was the eldest son of Krishna Iyer’s family o 1 four sons 
and two daughters Ananthakrwhna’s educational career was almost synony- 
mous with the development of English education in the district He completed 
his education up to the Matriculation in the High School at Palghat which 
was the forerunner of the present Victoria College. After his Matriculation, 
ho proceeded for higher education to the Kerala Vidyasala at Calicut which 
subsequently assumed the name of the Zamonn’s College Ananthakrishna 
completed his F A Examination hero and wo find him next as a student of 
the Madras Christian College In common with many succeeding generations 
of students from that institution, Ananthakrishna also came under the inspiring 
influence of the late Dr William Miller, its Principal at the time At the Chris- 
tian College, he took Natural Science for his mam subject, but under the curri- 
cula then in force ho had also to have a grounding in Psychology, Philosophy and 
History Ananthakrishna could not, however, take his degree at the end of 
his course, and not wishing, due to adverse family circumstances at the time, 
to burden his parents, ho joined service in the Revenue Settlement Office' at 
Ootacamund as a clerk in 1888, but left it in 1890 for the more attractive and 
quieter work of a teacher in his Alma Mater, 1 he Victoria College, Palghat, 
Ananthakrishna worked here for a period of seven years, 1890-97, during 
which he obtained his graduate degree and also the diploma of Licentiate in 
Teaching 

Tn 1897 the Cochin Stato, requiring a Science teachor for the Ernakulam 
College, offered him appointment, as an Assistant Master in Science He 
accept**! this appointment and settled in Ernakulum from 1897 onwards Foi 
the next 23 years he was an official of the Cochin Stato. 

The first five years of his service in the State contained few events of note 
In 1902 came the great turning point in his whole career when he was 
appointed Superintendent of Ethnography, Cochin State, in addition to his 
full-time substantive appointment as teacher in the Ernakulum College. 
His career m the Educational service terminated in 1914, when his organizing 
eapaoity and scientific training were requisitioned to create the State Museum, 
the State Zoological Gardens and an Industrial Bureau. When Mr. Anantha- 
krishna Iyer retired from the Coohin State in 1920 the Government issued 
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a Gawtte Extraordinary referring to his valuable services to the State in the 
following terms 

* The Government desire to place on record their high appreciation of 
the valuable servioes rendered by Mr. Ananthakrishna Iyer during his 
twenty-three years’ service. His work in the field of Indian Ethnology is 
known throughout India and Europe and has brought honour not only to 
himself, but also to the State under which ho has been employed.’ 

This was soon followed by the Government of India conferring on him the 
title of Rao Bahadur in 1021. 

Ananthakrishna Iyer’s activities as Senior Lecturer in the Department of 
Anthropology, Calcutta University, and Officer m charge of Ethnography, 
Mysore, for a period of 17 years after his retirement from Cochin are best 
examined with reference to his earlier work as Ethnologist m the Cochin State 
They form in fact a logical continuation of the earlier investigations m the 
field of Anthropology which he had started m Cochin Soon after the Census of 
1901, the late Sir Herbert H. Risley inaugurated a comprehensive Ethnographic 
Survey of India That programme was not merely confined to British 
India, but embraced the Indian States as well The Cochin Durbar in response 
to the request from the Government of India agreed to undertake a survey of 
its peoples and appointed Ananthakrishna Iyer as Superintendent of 
Ethnography of the Cochin State This appointment he held from 1902 to 
1924, and he carried out his work in that capacity oven after his retirement 
from the State in 1920 The results of his investigations were published from 
time to time m the form of brief monographs on each caste or tribe which 
were later incorporated in his work on Cochin Tnbes and Castes published 
in two volumes (1908-1912). 

The publication of these two volumes evoked considerable interest m 
the anthropological world Dr John Beddoe, who contributed the preface 
to the first volume, testified to * the importance and interest and to the great 
desirability of its being read and pondered by students of Ethnology and 
Sociology in England and the West generally ’. The late A. H Keane who 
had invited special attention in Man for March 1907 to the earlier monographs 
by ‘ this enthusiastic student of primitive peoples ’ contributed an introduction 
to this volume. 

By 1913, that is after the publication of the two volumes of Cochin Tribes 
and Cartes, Ananthakrishna Iyer’s reputation as an anthropologist was estab- 
lished We find him elected President of Anthropology m the foundation 
session of the Indian Science Congress at Calcutta in 1914, with the late Sir 
Ashutosh Mookerjee *8 General President. In 1916, the University of Madras 
appointed him Reader in Indian Ethnology to deliver ten lectures 

During the eight yean? from 1912-1920, Ananthakrishna Iyer was 
engaged in further studies on the peoples of Cochin. The original plan was to 
oomplete the Cochin survey in three volumes, the last one being devoted to an 
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Anthropometrio enquiry This was interrupted by an independent enquiry on 
the Syrian Christians of Malabar, Cochrn and Travancore. The monograph 
bearing the same name was published by the Cochin Government Press in 
1924, after Ananthakrishua Iyer’s retirement from the State 

In 1920, the University of Calcutta invited him to deliver a course of 
University Readership lectures in Anthropology, after which he was appointed 
as lecturer in Anthropology in the Calcutta University Ananthaknshna Iyer 
joined the Calcutta University oarly in 1921. Ho remained the head of the 
Department and the Chairman of the Board for Anthropology till his retirement 
m 1932, In 1924 ho was appointed to complete the Ethnographic Survey of 
Mysore, started by the late Dewan Bahadur H V Nanjundaiya Anantha- 
krishna Iyer assumed charge of the survey in 1924, and from that year onwards 
during every vacation after the University sessions at Calcutta, he proceeded 
to Mysore and toured the villages to eolloct information for the Ethnographic 
Survey The entire work was completed by 1936 with the publication of four 
volumes and a final volume of appendix 

After Ananthaknshna Iyer’s retirement from the Calcutta University in 
1932, he still continued as Officer in charge of Ethnographic Survey for Mysore 
which, m fact, terminated only with his final departure from our midst. 

Early in 1934, Ananthaknshna Iyer received invitations to lecture at a 
number of Universities in Europe He had never been out of India before, 
and in spite of his advanced age — ho was seventy-two at the time — and his 
strict vegetarian habits of food, he decided to proceed on a voyage . a fact 
which speaks volumes for his courage and adaptability He had his youngest 
son, Mr L. A. Natesan, to assist him He sailed on Apnl 23, 1934, and 
spent about five months out of India Disembarking at Brindisi, he proceeded 
to Naples and thence to Rome He addressed the Depart ment of Indian Culture 
of the Royal Umvorsity of Rome on ‘ Black Magic in India Visiting Florence 
on May 14th , he spoke at the Institute of Anthropology of the University of 
Florence on ‘ Primitive culture in Southern India The Rector of the Univer- 
sity presented him with the University Medal as a token of appreciation of his 
scholarship and contributions to Anthropology. Towards the end of May 
he arrived at Paris and spoke at the Anthropological Institute and the School 
of Indology under the late Dr Sylvain Levy Early in June he gave a lecture 
on South Indian Culture at the Pitt-Rivers Museum at Oxford before an 
audience no less distinguished. He next started on his lecture tour in Austria 
and Germany. At Vienna he addressed the Asiatic Society and the Anthro- 
pological Society. He next visited in succession Breslau, Berlin, Kflnigsberg, 
Halle, Mfinchen, Heidelberg, Bonn and Cologne. He gave lectures at the 
Universities and Anthropological Societies in all these famous centres of 
European learning, except at Mtlnchen and Heidelberg Most of his lectures 
were illustrated with lantern slides and greatly appreciated The visit to 
Germany lasted only till July 14, 1934, as it had to be out short on account of 
the approaching International Congress of Anthropological and Ethnological 
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Sciences at London. One of Ananthakrishna Iyer’s objects in going to Europe 
was to attend the Congress, which was the first International gathering of its 
kind and which was due to open on July 30th His long record of contributions 
to Anthropology and Ethnology was recognized by the Comite d’Organization, 
and he was elected unanimously to the Comite D’Honneur of the Congress. 
Ananthaknshna Iyer took a prominent part in the proceedings Besides 
reading a paper entitled * The Agricultural Basis of Religion in India ’ he also 
served as Vice-President of the sections of General Ethnology and Sociology. 
Soon after the session was over, Ananthaknshna Iyer embarked at Venice 
and amved m India towards the end of August, 1934 

Ananthakrishna Iyer’s activities thereafter were directed to two tasks. 
He prepared an index and appendix volume to the Mysore Tribes and Castes. 
When this was done — it was only a matter of a few months — he desired to 
take up seriously the ethnographic survey of Coorg, which he used to say was 
the only blank in the present literature on South Indian Ethnography With 
his accustomed enthusiasm and energy, he conducted this survey during the 
cold weather of 1934 and the summer of 1935 with Professor Lidio Cipnani, 
whom he had invited from the University of Florence, as a collaborator 
His manuscripts were almost ready for tho press by February last when he 
was cut off luiexpoctedly and without warning from his labour of love 

In 1935, evidence came forth of a further recognition of his work as a 
scientist. The President of Franco honoured him by olecting hun to the dis- 
tinction of the Officer D’Academie The Government, of India conferred on 
him the title of Dewan Bafiadur Tho University of Breslau awarded him 
the Honorary Doctorato of Medicine and Surgery (the Faculties of Medicine 
oontrol the Department of Anthropology and Ethnology m tho continental 
universities) 

His connection with scientific institutions afford Borne light as to the 
scientific contacts ho developed and cultivated He was one of the original 
members of the Indian Science Congress, and had attended, except for a year 
or two, all its annual sessions He was five times President for Anthropology 
in the Indian Science Congress, and would have celebrated, if only he had lived 
for anothor year more, his Jubilee participation in the Congress He was 
once President for Anthropology m the Oriental Conference , Corresponding 
member of the Anthropological Sooiety, Bombay , Associate Member of the 
Asiatic Society of Bengal, Calcutta ; Member of the Mythic Society, Bangalore , 
Foundation Fellow of tho Indian Academy of Sciences , Foundation Fellow 
of the National Institute of Sciences , Corresponding Member of the Royal 
Anthropological Institute of Great Britain and Ireland , Corresponding Member 
of the Bureau of American Ethnology, Washington ; Member of the Intermediare 
Sociologique, Bruxelles ; Honorary Fellow of the Anthropological Societies 
of Firenze, Vienna and Koln , Fellow of the Asiatic Society, Vienna , Member 
of the Eugenio Sooiety, London. More reoently, in December last, the Scottish 
Anthropological Sooiety elected him Honorary Member, as a token of 
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appreciation of his contributions to Anthropology On February 13, the old 
Berliner Gesellschaft fur Anthropologic, Ethnologie und Urgeschichte elected 
him Honorary Member but before the communication could reach the hands 
of I)r Ananthaknshna Iyer he had passed away 

Dewan Bahadur Dr. Ananthaknshna Iyer was known to a wide circle 
of fnends as a man of genial temperament and unfailing courtesy He was 
simple in his habits and throughout led the life of an orthodox South Indian 
Brahman, doing his Pujas regularly every morning 

Dr Iyer leaves behind him to mourn his loss Mrs. Iyer, who was a source 
of inspiration and encouragement to him for forty-five years, four sons and 
four daughters, all of them happily settled in life His eldest son Mr L A 
Knshnan is an Anthropologist in Travancore, the second is Dr L A Narayanan 
of the Geological Survey of India, the third is Dr L A. Ramdas of the Indian 
Meteorological Service, and the youngest is Prof L A Natcsan, Professor of 
Economics in the Scottish Churches College, Calcutta 

BIBLIOGRAPHY OF PRINCIPAL WORKS 

A complete list of the works of Dewan Bahadur Dr L K Ananthaknshna 
Iyer will have to include scores of short papers, communications, reviews and 
articles which he had contributed to various learned societies, papers and 
journals The numerous papers he had read before the Indian Science 
Congress and the Presidential Addresses will be found in the records of the 
Royal Asiatic Society, Calcutta, but his principal works on Indian Ethnology, 
on which his claim for reputation as an anthropologist rests, are given 
below — 

1. The Cochin Tribes and Castes, Vol I — Cochin Government Press, 

Emakulam, 1908 , pp 366, 44 photographs. 

2. The Cochin Tribes and Castes, Vol II — Cochin Government Ptoms, 

Emakulam, 1912 , pp. 604, 81 photographs. 

3. Ethnology of South India, a contribution to the Encyi loptedia of 

South India, 1920 

4. Syrian Christians of Malabar, Cochin and Travancore — Cochin 

Government Press, 1924 , pp 340, 44 photographs. 

6 Lectures on Ethnography — Calcutta University Press, 1926 , 
* pp. 277, 44 photographs 

6. Mysore Tribes and Castes, Vol I — Mysore Government Press, 1936 , 

pp 660, 60 photographs 

7. Mysore Tribes and Castes, Vol II — Mysore Government Press, 1928 , 

pp. 678, 78 photographs. 

8 Mysore Tribes and Castes, Vol III — Mysore Government Press, 

1930 , pp. 616, 76 photographs. 

9 Mysore Tribes and Castes, Vol. IV — Mysore Government Press, 

1931 ; pp. 660, 76 photographs. 
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10. Mysore Tribes and Castes, Appendix ; pp. 70. 

11. Notes on Ethnography, Calcutta University Press. 

12. Ethnography of Coorg — awaiting publication. 


L. A. K 
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ALBERT HEIM 




PROFESSOR ALBERT HEIM 


(1849 1937 ) 

Prof. Dr. Albert Heim, the nestor of European goologists and author of 
the celebrated classic ‘ Geologic der Schweiz passed away at Zurich on the 
3lBt August, 1937 at the ripe age of 88$ years 

Bom at Zurich in 1849, his life’s work, the geology of Switzerland, and 
the unravelling of the complexities of Alpine folding, from an early age was 
done under the auspices of the University of ZUnch, as student, teacher, 
professor, field investigator, and interpreter of Alpine tectonics His interest 
in geology began at an early age when, as a student of Prof Eschor von der 
Linth, he studied the Glarus ‘ double fold ’ m the High Calcareous Alps, a 
subject of long-standing controversy among Swiss, French and German 
geologists. He succeeded to tho chair of geology at the Polytechnic in Zurich 
in 1873 at the early age of 24 and ui the following year to that at the University 
of Zurich. Both these chairs he occupied with groat distinction till 1911, 
producing during the interval a number of important works, including his 
famous ‘ Mechanismus der Gebirgbildung ’ in 1878 , the ‘ Handbuch der 
Gletscherkunde ’ in 1885 , the ‘ Geology of the Alps ’ in 1891, besides several 
folios of the geological map of Switzerland It was not, however, till 1922, 
11 years after his retirement from active duties at the University, that the 
monumental ‘ Geologie der Schweiz ’, the * finost national text-book that is 
ever likely to be written ’ waB published. On this work of 1,700 pages Heim 
had spent 16 years of devoted labour, largely in preparing the 325 illustrations, 
the copper-plates of many of which ho had himself engraved and tho 55 plates 
of maps and profile drawings, all of which attest to his high artistic skill His 
drawings and panoramas of typical sections of the Alps, besides being of high 
value as tectonic interpretations, are works of art Heim also was a great 
modeller and the beautiful series of relief models in plaster of some key-areas 
of the Alps which adorn the Geology Museum at the ZUnch University wore 
executed by him personally, or under his direct supervision, after years of 
patient measurement and modelling From 1894 to 1926 Albert Heim was 
Director "of the Swiss Geological Commission In collaboration with Carl 
Sohmidt he published in 1894 the valuable geological map of Switzerland on 
the scale of 1 : 600,000, the second and revised edition of which he lived to 
publish thirty-three years later. 

To the present generation of Swiss geologists Albert Heim was like a 
father, venerated by them alike for his great scientific achievements as for his 
ideal life and character. Dr. Heim was honoured by many Universities, 
Swiss as well as foreign, and the Royal Society of London elected him a Foreign 
Member. He was associated in a like capacity with many Geological, 
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Geographical and Natural Science Societies of Europe. Dr. Heim was elected 
Honorary Fellow of the National Institute of Soiences of India m 1936. He 
leaves behind him his son, Dr Arnold Heim, himself a distinguished geologist, 
whose investigations in different parts of the world as well as whose collaboration 
with his father during the latter part of his life are well known 

D. N. W. 



LORI) RUTHERFORD OF NELSON 

(1871-1937 ) 

The Rt Hon Lout Rutherford ot Nelson, C M , F R ,S , 1) Si LL 1) , etc , 
Cavendish Professor of Experimental Physics and Diioetor, Cavendish isihoia- 
tory, Cambridge, was elected an Honorary Fellow of the National Institute 
in 1935. 

Ernest Rutherford waR born ot nnddle-t lass puients at Nelson, New 
Zealand, on the 30th of August 1871 Ho was cd mated at Nelson and Can O' l - 
bury Colleges of the University of New Zealand His University career was 
very brilliant, and after graduation he staitcd rescan lies on Ins own initiative 
in New Zealand on the effect of high frequency discharge on the magnetism 
of iron, which led to his discoveiy of the magnet it detector of Hertzian waves 
He came to England for further studies and passed the M A Examination 
of the Cambridge University with first-class honours in Mathematics and Physic s 
in 1893. At the recommendation of the University of New Zealand he was 
awarded in 1894 an Overseas scholarship by the Royal Commissioners for the 
Exhibition of 1851, and lie prosecuted resoarc lies at the Cavendish Laboratory, 
Cambridge, under Prof Sir J J. Thomson till his appointment as the Macdonald 
Professor of Physics at the McGill University, Montreal, Canada, in 1898, 
which post lie hold till 1907 when he was appointed Langworthy Professor 
and Director, Physical Laboratory, University of Manchester in 1919 lie 
was selected to succeed his old teacher Sir J J Thomson as the Cavendish 
Professor of Experimental Physics at Cambridge, and was elected a Fellow 
of Trinity College Durmg all those years he carried out fundamental researches 
cm X-rays and ionization of gases, on radioactivity, which led in co-openitiui 
with Pi of* Soddy to the theory of successive and spontaneous disintegration 
of olements On his return to England, he took up the suhjec t of the Rtruc fare 
of the atom which results m the nuclear theory of the atom now considered 
as tho foundation of atomic physics At Cambridge he concentrated his 
attention on tho nucleus of the atom, and it. is clue to his great organising 
ability and experimental skill that tho Cambridge School was able to make 
such furfdamontal contributions as the discovery ot the neutron — practical 
methods for transmutation of elements These works naturally brought him 
recognition from tho whole world — several Universities of Eiirojie and America 
vied with each other in conferring on him then highest academic distinctions 
He was elected a Fellow of the Royal Society of London (1903), awarded the 
ltumford Medal (1906), the Bressa Pnzo of the Turin Academy of Sciences 
(1908), Nobel Prize for Chemistry (1908), Barnard Medal (1910), Copley Medal 
(1924), Albert Medal (1928) and Faraday Modal (1930) He was knighted in 
1914 and in 1932 was made a Peer of tho Realm 
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Rutherford wan elected President of the British Association for the 
Advancement of Soienco m 1923 and was President of the Royal Society of 
London from 1926 to 1930. He was to have presided over the Joint Session 
of the Indian Science Congress Association and the British Association for the 
Advancement of Science in 1938, and had already prepared a very learned 
and inspiring address for this occasion when, following an operation for hernia, 
he suddenly died in October 1937. In his Presidential Address to the Science 
Congress he gave a brief summary of his work in connection with the trans- 
mutation of matter. 

As Niels Bohr, the famous Danish Physicist and a former pupil, speaking 
of Rutherford’s work at Bologna, said, ‘ His achievements are so great that 
at a gathering of physicists like the one here assembled, they provide the 
background of almost every word that is spoken ’ 

Lord Rutherford had a charming personality and used lus c olossal energies 
and tireless enthusiasm in the service of Science He has been described 
as the ‘ Prince of Experimenters and Sir James Jeans rightly remarked 
‘ He has been cut off in the fulness of his powers — leaving as his monument 
a rich and full life’s work, such as few men have equalled, but also leaving a 
feehng that he might have accomplished more, and possibly even greater, 
things had he been left with us a few years longer ’ 

B. P. 


Calcutta:— Published by the Notional Institute of Sciences of Tndia. 1, Park Street, 
and Printed by P Knight, Baptist Mission Press, 41a, Jsjwer Circular Road 
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Symposium on the Malaria Problem In India. 

Malaria, is not only a disease of major public health importance in India, 
but it is also one that presents innumerable problems of local and scientific 
interest for investigation and research The entomologist, the protozoologist, 
the pharmacologist, the sanitarian and the public health engineer are all 
interested in one or other of its diverse problems and specialist s all over India 
are studying these with a view to elucidating them. It was, therefore, con- 
sidered desirable to collect together workers representing the various specialize, 
tions from different parts of the country and to afford them an opportunity 
to present their researches and the special problems encountered by them, 
so as to elicit a discussion that would bo helpful and profitable to the country 
in general and to the malariologists in particular The National Institute 
of Sciences of India undertook to organize such a symposium in Calcutta and 
appointed Dr R B Lai to be the Convener Reputed malariologists from 
different parts of India were invited to attend the symposium Thanks to the 
ready response of the workers and thoir employers there was a good and 
representative gathering The meetings were held for two days on the 27th 
and 28th August, 1937, at the All-India Institute of Hygiene and Public 
Health, Calcutta, under the joint presidency of Prof M N Saha, F.R S., and 
Col R N Chopra, C I E , I M.S , on the first and of Sir U N Brahmachan 
on the second day In all 28 papers were read ' They may be classified 
under the following heads — 

(I) Treatment, (II) Epidemiology, (III) Irrigation and Malaria, (IV) 
Immunity, (V) Control, (VI) Malarial Engineering, (VII) Ento- 
mology, (VIII) Protozoology, (IX) Ichthyology. 


1 Col Chopra opened the session by discussing the relative value of 
various anti-malanal drugs such as cinchona alkaloids and the new synthetics 
employed for tho treatment and prevention of malaria. He drew special 
attention to a new German synthetic drug cdionol which, though still m the 
experimental stage, promises to become a very useful addition to the drugs 
already in use, beoause of the fact that it can bo safely used for mass treatment. 

In connection with Col Chopra's paper Dr P. Neogi (Calcutta) said that 
before the introduction of cinchona preparations in India several vegetable 
drugs containing bitter principles were being used very extensively for counter- 
acting malaria. The Indian Kaviraj professes to cure malaria and other 


1 For a list of the papers, see pp. 142, 143. 
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kinds of fever with pills containing these. He asked Col, Chopra if he had 
investigated the composition of any of these pills and the nature of the bitter 
principles in them. If not, he suggested that they may be investigated as 
he believed that they certainly possessed anti-malarial properties 

The synthetic anti-malarials possessed distinct advantage over quinine 
and other alkaloids inasmuch as the latter produced cmchonism, in some 
persons, even in medicinal doses. 

2. Hr. K. V. Krishnan (Calcutta) said that his detailed investigations 
on the biochemical changes taking place in the blood of hsemoglobinuric and 
non-haemoglobinuric monkeys during the different stages of the disease, with 
special reference to those chemical constituents that were known to be associated 
with the phenomenon of haemolysis, such as cholesterol, inorganic and organic 
phosphorus and gluoose had brought out the fact that in the pro-htemoglo- 
binuric stage the following changes were conspicuous : (a) a fall m glucose 
and a rise in inorganic phosphorus ; ( b ) a rise in cholesterol esters, and a fall 
in total cholesterol in a fair number of cases and a marked fall in free cholesterol 
in all cases ; and (c) a rise in organic phosphorus. Somewhat similar results 
were also obtained in human cases of blackwater fever. From these findings 
it was concluded that the phenomenon of hsemoglobinuria both in man and 
in monkeys was determined by the manner in which the host reacted to the 
stimulus of malarial infection. The production of the haemolytic agent, as 
well as the conditions that favour its action, seem to be the result of altered 
metabolism due principally to liver injury. Whatever the true nature of the 
haemolysin may be, it is clear that its aotion is definitely inhibited by excess of 
free, cholesterol. So in the treatment and prevention of blackwater fever 
the aim should be : (1) to prevent liver injury, (2) to correct the consequent 
alterations in fat metabolism ; (3) to stimulate the cholesterologenetic centres 
in a manner suoh that the synthesis and mobilization of free cholesterol will 
keep pace with the increased demand ; and (4) to stimulate the reticulo- 
endothelial system so that phagocytosis and the cholesterol stores of the body 
may be maintained. Preliminary studies showed that all these could be 
accomplished to a certain extent by injections of glucose, ascorbic acid and 
cortin. 

In connection with Dr. K. V. Krishnan’ a paper Dr. S. C. Seal wished 
to be enlightened on the following points ; — 

' - (1) What was the effect of the injection of ' cortin ’ and asoorbio acid 
on the free cholesterol content in monkeys suffering from hemo- 
globinuria ? Was it definitely increased 1 
(2) Has any attempt been made to bum out or prevent relative or 
actual inorease of eeter-choleeterol which is direotly or indirectly 
associated with the production of hsemolysis by any prooess I 

Dr. Kri shnan replying said that there was a definite indication of the ratio 
between free and ester- cholesterol being brought back to normal after the use 
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of oortin and ascorbic acid. Regarding the other question ho said that he 
had tried substances like glutathione for the purpose but had failed to obtain 
any beneficial results. 

Mr. N. K Iyengar said that Dr Krishnan had tried the injection of 
choline hydrochloride without success in the treatment of blackwater fever. 
Recent experiments showed that choline was first decomposed to betaine 
which prevented storage of fat. It was likely that this decomposition to 
betaine was rendered difficult in cases of blackwater fever He suggested 
direct feeding of betaine in small quantities in cases of blackwater fever. 

Dr Krishnan replied that ho was aware about the decomposition of 
choline to betaine and that he hod also tried betaine but without success 
He, however, had obtained good results by the use of a combination of choline 
hydrochloride and quinine in the treatment of monkey haemoglobmuria. 
Thus the suggestion that the mechanism of conversion of choline to betame 
was at fault was untenable. 

3. Dr. Dikshit being absent his paper was taken as read The main 
points of his paper may be summarized as follows — 

His experimental observations show that plasmoquine is liable to affect 
most systems of tho body especially the cardio-vascular and the digestive 
systems Cardiac irregularities are produced by intravenous injection of the 
drug and therefore this method of administration should be avoided. The 
liver seems to be the organ which is very often affected by toxic symptoms 
seen after clinical use of the drug. Tho aotion on the reproductive system, 
however, does not appear to bo harmful, and there is some evidence to be- 
lievo that even large doses fail to interrupt the course of a normal preg- 
nancy. The fact that a combination of quinine and plasmoquine anta- 
gonizes the stimulant effect of both on the isolated uterus is interesting from a 
clinical point of view fof such a combination has proved useful in the treat- 
ment of malaria. 

(1) Toxicity tests on protozoa and bacteria show that plasmoquine is 
not toxio. 

(2) Plasmoquine has no antipyretic action of its own, but in combination 
with quinine it lowers temperature quicker than quinine alone. 

(3) The cardio-vascular system is depressed by small doses of plasmo- 
quine Carger doses produce cardiac irregularity. 

(4) The gastro-intestmal motility is depressed and toxic doses produce 
fatty degeneration of the liver. 

(5) The contractions of the isolated human or animal uterus are increased 
by low concentrations of plasmoquine and decreased by high concentrations. 

(6) Contractions of the intact animal uterus are not affected by adminis- 
tration of therapeutio doses of plasmoquine given over a period of five days. 

(7) Therapeutio or even toxic doses of plasmoquine given to pregnant 
guinea-pigs do not produce abortion. 
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4 Col Chopra said that he had treated six patients of neurosyphilis by 
parenteral administration of P hnowleax Although no beneficial effect was 
noted on the patients’ nerve condition, he arrived at the following conclusions — 

(o) The monkey malaria parasite can be safely given to human beings 

(6) They are particularly suitable for the treatment of aged and 
debilitated cases 

(c) As monkeys do not suffer from syphilis there is no risk of giving this 

infection to man by using their blood 

(d) These parasites can be maintained m the laboratory with great 

ease 

(e) The infection in humans has a tendenoy to spontaneous recovery 

(/) Sometimes when after infection the fever is high it can be controlled 

easily by atebnn or quinine 

II 

5 Dr R B Lai (Calcutta) gave on account of the methods of forecasting 
malaria whioh had been in use for over 16 years in the Punjab He discussed 
the principles underlying the methods of forecasting and invited discussion as 
to whether those methods could not be profitably developed to suit the varying 
conditions in different provinces of India If this could be done the administra 
tive officers, being forewarned could conoentrate their attention to specific 
areas where epidemics of malaria were likely to develop in particular years 
He then discussed the following factors actually made use of m Gill s method 
of foreoast for the Punjab — 

(а) The spleen rate of school chddren taken all over the province in 

the month of June 

(б) The rainfall figures to obtain an idea of the strength of the monBoon 

(c) Eoonomio condition 

( d ) Epidemic figure for each Ihana or town obtained by dividing the 

fever mortality for October by the average fever mortality for 
the months of Apnl, May June and July 

(e) The epidemic potential factor or the coefficient of variation of malaria 

deaths 

(/) The oo efficient of correlation between rainfall and fever deaths for 
the month of October for the district 

In connection with Dr R B Lai a paper Mr Senior White stated that 
Punjab had given a 10 years’ lead to other provinces in this respect Fore 
casting in his opinion had been of great value He could not understand why 
the other provinces did not adopt it Will not the staff of the Malarial Survey 
do it for the provmoes subjeot to epidemics ! 

Prof J N Mukherjee (Calcutta) asked how far the forecasta agreed 
, with the actual moidence of epidemics m each district 
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The President enquired if the periodical epidemics showed any correspon- 
dence with the sun-spots 

In his reply Dr Lai said that while there was a fair amount of agreement 
between the forecast and the actual happenings, he believed that the method 
m use at present was capable of improvement to a considerable extent His 
main difficulty was with regard to the assumption that the autumnal deaths 
were necessarily due to malaria because he was not convinced that sufficient 
evidence in support of that assumption had ever been set out 

The sun-spot cycles exhibited 11 years’ periodicity Sixteen years, 
during which the suhject had been studied, was too short a period for studying 
the correspondence between sun-spot cycle and periodicity of malaria ineidem e 
However, a correspondence between the two events might bo expected because 
malaria epidemics in the Punjab were markedly influenced by the amount of 
rainfall which in turn had been correlated with sun-spot cycles 

6 Dr A C Banerjea (Lucknow) discussed the essential factors respon- 
sible for urban malaria in the United Provinces He classified them as follows • — 

1 . Natural Cannes ■ 

(а) Due to urban areas growing in the midst of malarious zones as 

in the Tarai and foot-hill regions 

(б) Due to drying up of rivers on which cities are situated or due 

to change in the course of rivers 

2. Man-made, malaria 

(a) Due to proximity to irrigation canals and wet crops, viz sugar- 
cane and nee 

(h) Due to defective railway systems interfering with natural dramage 
or creating fresh breeding grounds, viz burrow-pits, excava- 
tions, etc 

(c) Due to ill-developed cities 

(d) Due to breeding in wells 

(e) Due to proximity to big lime and brick kilns and excavations 

(/) Due to lack of co-ordination between different bodies responsible 
for urban sanitation. 

(g) Due to domestic causes 

•(h) Due to ill-developed industrial centres in urban areas 

He further stated that urban malaria m the United Provinces was mostly 
endemic and periodical fulminant opidemios liko those m tho Punjab were 
practioally unknown. The two seasonal rises were in spring and autumn. 
One was due to benign tertian infection and the other to malignant tertian 
infection. The principal carrier mosquitoes incriminated were A. cvlictfacies 
and A. Stephens* 

Urban malaria to a very large extent was man-made and could bo reduced 
by sound sanitation, by co-ordinated activities on the part of the different 
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departments concerned and by enforcement of suitable anti -malarial bye- 
laws. In a campaign against urban malaria, the investigation and anti- 
malarial measures should not only be confined to the area itself but to at 
least one mile area all round the territorial limits of the urban areas. 

In connection with Dr. A. C. Banerjea' a paper Mr. Senior- White (Calcutta) 
enquired what the writer meant by the term ‘ incriminated No records of 
A. culicifacies having been found infected in the areas investigated by 
Dr. Banerjea were known to him. If Dr. Banerjea found the species infected 
this information has not been published. 

Dr. Banerjea replied that the term ‘ incriminated ’ was used because the 
insect was found infected on dissection. This information had been recorded 
in his reports. 

Referring to the breeding of mosquitoes in connection with sugar-cane 
cultivation Dr. Ananthasamy Rao enquired whether the earner species were 
bred in the litigation channels or m the actual cane plots He also sought 
information regarding the system of irrigation adopted and enquired whether 
it was continuous or intermittent 

7. Mr. M 0. T. Iyengar (Caloutta) said that many species of Anopheles 
were specialized in regard to their breeding habitats and were adapter! to 
breed in oertain types of breeding places Their distribution Would, therefore, 
be determined by the availability of the type of breeding place suitable for the 
particular species. Consequently, in a country with different topographical 
regions, the anophehne fauna shows considerable variation. The species 
responsible for the transmission of malaria would also differ in the respective 
regions and the problems connected with the control of malaria would there- 
fore differ with the areas concerned. 

The province of Bengal, which extends from the Himalayas to the sea, 
includes different types of country : the mountains, the foot-hill region, the 
dry undulating area, the deltaic area and the mangrove area. 

Studies in these regions have brought out the interesting fact that the 
operations of man have increased the facilities for the breedmg of the harmful 
species of Anopheles. In the virgin state, it is probable that the incidence of 
malana was comparatively low. In many of the regions, the high incidence 
of malaria is largely the result of human operations. The occurrence of malaria 
in the submontane regions is probably largely due to the extensive forest 
olearapoe operations for the purpose of tea and noe cultivation. The clearance 
of the forests have eliminated the harmless species of Anopheles and have 
offered facilities for the intensive breeding of the harmful species. In the 
pastoral region with little or no malana, the localized foci are the results of 
attempts to alter the natural conditions, as for example, creating terraoed 
plots for rioe cultivation, colliery operations, impounding of rivers and the 
digging of wells for water supply, In the deltaic area, the construction of 
embankments to prevent the flooding of the land by rivers in flood or by the 
tides largely contribute to the establishment of endemio conditions. In the 
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estuarine area, the clearing of the forests and the prevention of tidal 
flushing are responsible for the establishment of malaria ondemieity through 
intensive breeding of A ludlom. In most of the rases these results are duo to 
interference with natural conditions without due precautions being taken against 
the natural consequences of such interference. 

8. Dr G. C. Chatterjee (Calcutta) said that it was generally acoepted 
that agriculture in a general way would tend to diminish malaria, but that 
cultivation of nee, to the exclusion of other agricultural products, might 
increase malana incidence Therefore, balanced agriculture was a pressing 
need of the province. The production of fodder crops for feeding cows, 
which are useful in many other ways, is highly desirable. This will also tend 
to improve the humus content of the soil on which fertility depends and will 
lead to improvement of pubho health Cultivation all the year round will 
tend to nullify, to a great extent, the scorching effect of the tropical sun. It 
will also tend to lessen the scouring action of the floods during the rainy season 
which tend to produce soil erosion. Those in turn remove the top dressing of 
land. 

In Bengal, from time immemorial, a system of irrigation of lands around 
excavated tanks or bunded reservoirs is extensively prevalent. This system 
is seen in Burdwan, Midnapore, Bankura and other districts, but not to the 
same extent in districts like Khulna, Jessore, Dacca, where there aro a large 
number of rivers. It is, however, getting out of use, duo to the constant 
migration of the people to towns, and to the tanks becoming the joint pro- 
perty of several members of a family and thereby getting neglected It is, 
however, still in force in several places and can be made use of for the improve- 
ment of agriculture as well as for the prevention of malaria. 

Keeently a large number of small co-operative irrigation societies have 
been formed in Bankura and Birbhum districts for utilizing these tanks for 
irrigation. purposes. The system has thus been given a new lease of life If 
by some means or other, propaganda can be done for enlarging the scojie of this 
scheme lasting good to the country is bound to result Cultivation should 
include some typo or other of fodder plants and leguminous crops The 
people should be made to understand that milk along with fish is the greatest 
protective food ; and these should be made available for all at a cheap price. 
When this is done it will automatically solve the malana problem of the 
province 

9. Due to the absence of Prof de Mello, his paper was taken as read 
The points of interest in the paper may be summanzed as below : — 

The highly malarious regions in Portuguese India are Novas Conquistas 
in Goa, Pragana in Daman, the town of Diu and certain villages of Brancavara 
m Diu The three important anophehne carriers of malana aro A. listom, 
A cvlidfacm and A Stephen at The chief anti-malarial measure practised is 
the treatment of infected persons and oarriers. Plasmoquine and atebrin 
have been tried with great benefit. Mass treatment with quimne-plasmoquine 
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during pre-epidemio periods has given encouraging results. The use of atebrin- 
musonate in the treatment has proved valuable. In rural areas it has not 
been possible to oonduct any anti-larval oampaigns. 

m. 

10. Dr. Sweet (Bangalore) stated that there were three types of irrigation 
systems in Mysore State. One type involved a small area under a local tank. 
It was usually not malarious. A second type oovered a larger area under a 
bigger and more permanent tank. This was frequently malarious. The 
third type was an extensive riverine system which was invariably malarious. 
The riverine system not only produced an initial epidemic of malana at its 
commencement, as demonstrated by the history of events following the open- 
ing of the Irwin Canal system in June, 1932, but also created highly endemic 
conditions. The three types of irrigation seemed to differ in (1) the length of 
main and subsidiary channels , (2) the amount of water used , and (3) the season 
of the year in which water was available. In these three di fferences, possibilities 
for the control of malana exist, especially in the stnet control of the amount 
of water supplied and its use. Lack of drainage is a dofeet common to all 
types but, due to expense, it does not seem likely that this aspect of the pre- 
vention and control of malana in new and existing irrigation systems will 
reoeive the attention it deserves until the profit motive is largely removed 
from consideration. 

In connection with Dr. Sweet's paper Dr. K V. Krishnan (Calcutta) m 
endorsing the views expressed by Dr. Sweet on imgation and malaria referred 
to his study of a severe outbreak of malaria in Mopad in the Nellore district 
of the Madras Presidency in 1925, which had arisen as a result of the introduction 
of irrigation. The Mopad area prior to the introduction of imgation was a 
dry tract of country with only about 10 per cent spleen rate. After imgation 
was introduced in 1921, the spleen rate rose to over 50 per cent and, on account 
of the severity of malaria, agriculturists had to abandon their land and leave 
the area. Investigations showed that the most important factor that con- 
tributed towards the increase of malana was water-logging of the whole area, 
resulting from the excessive supply of water and poor drainage. The 
Government was anxious to sell as muoh water as possible and the ryots wanted 
all the water they oould get for raising at least two crops of noe. He was, 
therefore, of the opinion that unless water supply is restricted to the actual 
needs and financial considerations are not over -emphasized, malaria was bound 
to anse shortly after the introduction of imgation schemes in dry tracts of 
oountry. He wished to emphasize the importance of the views presented by 
Dr. Sweet and stated that even if proper drainage oould not be effected, restric- 
tion of the amount of water supplied plus control of the type of orops raised 
oould reduoe malaria to a considerable extent. The mere consideration of 
immediate financial gain appeared to him a short-sighted polioy 
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11. Dr Masillamam (Madras) said that the irrigation systems m the 
Madras Presidency vaned from place to place He classified them as follows — 

(а) Canal irrigation 

(б) Bain and river-fed irrigation tanks 

(e) Irrigation from springs and hill streams. 

(d) Lift irrigation from wells m the beds of streams 

(e) Irrigation from field wells 

(/) Irrigation or watering from pits 

In the case of wells, there was a limited supply and no stagnation or 
continuous flow of water Wells in the beds of streams got flushed out during 
floods No malaria was associated with this type of irrigation 

In the case of pits in easiianna and coeoanut plantations, they were aban- 
doned after the plants grew to a certain height These provided prolific 
breeding grounds for 4 cvhnfanes 

Part of the foot-hill malaria in the Presidency was duo to irrigation from 
springs and streams In the plains malaria was associated with canal irrigation 
and tank irrigation though it was not so in every instance The main factors 
seem to be the ill-kept canals and uncared for field channels In the seepages 
from the canals, in the burrow-pits by their side and in the grass-grown edges 
A cuhctfacies find suitable breeding places The field channels rather than 
the method of irrigation followed or the kind of crop raised are of the greatest 
importance The water-logging conditions produced outside the fields, as in 
the case of sugar-cane and paddy cultivation, are also important, but the semi- 
stagnation of water in the fields themselves is not of much significance except 
porhaps m the very early stages of cultivation of paddy In dry irrigated 
areas, it is the seepages from canals and the canals themselves that are respon- 
sible more than the field channels. 

The many factors associated with irrigation malaria and the precise 
soope of their influence are not fully known There are several kinds of water 
sources, the importance or otherwise of which has not yet been scientifically 
determined There is also the possibility that malaria in irrigated areas is 
only a passing phenomenon The endemicity in many places is often very 
low. We are not justified in blaming the engineer for his errors of omission 
and commission Drainage schemes are usually utopian, larvioide schemes 
are make-shift arrangements, and abolition of paddy fields and breaching of 
tanks are merciless steps. Prevention of percolation, regulation of flow, 
alteration in supply, maintenance of channels — these are methods m which 
the engineer should be interested and to these attention should be mainly 
directed 

In r/mnedton with Dr. <V 0. Masillamam' a paper Dr K. V. Krishnan 
(Calcutta) said that it was generally behoved that irrigation schemes if properly 
introduced in deltaic areas helped to reduoe greatly the incidence of malana. 
Dr. Bentley and others were great advocates of this view The increase in 
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malaria in certain parte of Bengal had been attributed by them to the gradual 
decadence of the old irrigation system and people hero often quote the excellent 
results obtained through the introduction of irrigation in the Godavery, 
Krishna and Kavery deltas. He wanted to ask Dr Masillamam whether he 
had made a comparative study of the influence of irrigation on malaria in 
deltaic and non-deltaic areas in the Madras Presidency and whether there 
were any differences, and if so what they were. He also requested 
Dr. Masillamam to tell him how far his findings corroborated or contradicted 
Dr Bentley’s views with regard to the beneficial results of irrigation in deltaio 
areas. 

IV 

12. Dr Knshnan (Calcutta) said that the course of P knowlm infection 
varied greatly in different species of monkeys Ordinarily in the Stlenus 
rhesus it causes an acute fatal infection, while in S irus and 8 radutiua it 
produoes a low grade, non-fatal infection From the splenectomy experiments 
conducted by him the following conclusions were drawn . — 

(a) In splenectomized animals the differences due to natural species 

immunity completely vanishes , all three species suffer alike from 
acute and rapidly fatal infection 

(b) The natural resistance of monkeys to the human plasmodium is 

not mfluencod by splenectomy. 

(c) If splenectomy is doue during the latent period of infection a severe 

relapse follows 

(d) Extirpation of the spleens of immune monkeys results in the disap- 

pearance of their acquired immunity in all cases. While in the 
susoeptible species acquired immunity was found to be associated 
with the presence of residual focus of latent infection, in the 
resistant species (t rua and radxalua) in about 50 per cent of 
cases, even in the absence of a residual focus of infection a 
high degree of acquired immunity was found to be present 

(e) In connection with treatment of malaria in splenectomized animals 

the following facts were elicited . — 

(1) Larger amounts of quinine were required to cause complete dis- 

appearance of all parasites from the peripheral blood. 

(2) The drug had to be administered for a much longer period. 

(3) The cure rate was distinctly less. 

(4) The death rate was markedly higher than in non-splenectomized 

monkeys. 

if) When animals are splenectomized prior to infection with P. knvwlesi 
the incidence of hemoglobinuria is greatly increased In 90 to 
100 per cent of splenectomized rhesus and m about 30 to 50 per 
oent of splenectomized t rus and rodtotus hemoglobinuria is met 
with. 
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(g) Splenectomy failed to alter the course of Leishmania infection 
in monkeys 

From these studies it is concluded that the spleen plays a part of great 
importance in the resistance and cure of malaria 

In connection with Dr Knshnan's paper Mr N. K Iyengar asked if 
the effect of Bplenectomy on the buffering capacity of blood had been studied 
He considered this an important factor in elucidating the mechanism of 
resistance as it had been established that there was a relation between the 
buffering capacity and resistance 

Dr. Krishnan replied that as far as their studies went there was no evidence 
to suggest that the buffering capacity of the blood was altered after splenectomy 

13 Dr. M. N De (Calcutta) read a paper on the pathology of the malaria 
spleen. He described the changos which occur in the sploon in acute and in 
chronio malaria. While in the former the enlargement is entirely due to the 
extra burden suddenly thrown upon the organ and to the concomitant vascular 
changes which inevitably follow such increased output of work, in the latter 
there is less vascularity and more cellular changes with increase in reticular 
fibres The capsule instead of being thin is thick and the trabiculas are more 
numerous and prominent The typical * ague cake ’ spleen is only met with 
in chronic malaria. 

V. 

14 Major Afridi (Kasauli) said that the chief causes of malaria 
incidence in Delhi were — 

(1) Excessive canal irrigation coupled with interference with natural 

drainage by railway, road, and canal ombankments in the North- 
Western section. 

(2) Annual flooding of the beta by the Jumna, leading to (a) heading 

up of water in the various storm-water drainage channels, and 
(b) formation of prolific breeding places as the flood recedos 

(3) Presence of vast numbers of excavations throughout the area in the 

form of burrow-pits alongside railways and roads, and pits in 
brick-fields and quarries in the ridge area. 

( 4 ) Presence of miscellaneous breeding places such as temporary water 

collections around hydrants, ornamental waters, non-mosquito- 
proof cisterns, wells and underground storm-water drainage 
system. 

The measures enforced during the past year may be considered under 
two headings : (i) permanent measures, and (ii) temporary measures. 

Permanent Measures. — The permanent measures have been instituted 
with a view to eradicating breeding places caused through faulty storm- 
water drains, laok of adequate drainage of low-lying tracts and over-irrigation 
in the area fed by the Western Jumna Canal. These measures can scarcely 
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be looked upon as specifically anti-malarial in nature but are designed 
to provide suoh surroundings for Delhi as could easily be controlled by the 
anti-malarial staff. In securing this objective the activities of the Anti-Malaria 
Organization have been intimately linked up with those of the Delhi Improve- 
ment Trust and sanitary improvement programmes m general The successful 
conduct of these measures has been greatly facilitated by the whole-hearted 
co-operation of the civil and the municipal admmistrations and of the officers 
of the Central Public Works Department who have, throughout, placed all 
possible facilities at their disposal. 

Temporary Measures . — These measures were concerned with the organiza- 
tion of the anti-malarial staff of the various municipalities, the provision of oil, 
pans-green and other larvicides, and the institution of programmes for adequate 
weeding, minor filling and draining of small temporary collections of water 
The central organization for the measures was supplied by the Malaria 
Survey of Imiia and the striking benefit of such a central control was tho 
elimination of much overlapping of work and the baneful effects of the neglect 
of one sector to the detriment of the adjoining sector Tho establishments 
for different areas have boon varied to suit the demands imposed by the climatic 
requirements and tho extent of the breeding sources 

In addition, as an experimental moasure the quarters of certain isolated 
communities in the Delhi urban area wero regularly sprayed with pyre- 
thrum larvioido These measures yielded very encouraging results Similarly 
the practicability of spraying of pans -green by aircraft was thoroughly 
tested and tho results have already been published (Covell & Afndi, 1937) 

In connection with Major Afridi's paper Dr Sweet said that one point 
which had interested him for some years was the low spleen rates m urban 
areas. In many city areas very low spleen rates had been reported, e.g. m 
Bombay, Calcutta, and Bangalore In urban areas such low spleen rates do 
not mean an absence of a considerable amount of malaria. The factor which 
is working is possibly one of dilution which was first mentioned by Christophers. 
In urban areas, with many children, the chances of any single child getting 
repeated new infections are small and tho resultant Hplcon rate will be low 
and not at all representative of the actual malaria. The parasite rate in such 
oases is frequently higher than the sploen rate. A method of spleen erxamina- 
tion which might be more representative of actual conditions would be the 
use of POI spleens as suggested by Dr, Russell, These small spleens well up 
under the ribs would possibly give figures which would give a more correct 
idea of the aotual amount of malaria in cities 

With reference to the point raised by Dr. Sweet, Dr. Row said that he 
had found, during an epidemic of malaria in Mysore City, against a low spleen 
rate in the different wards of the oity, a high parasite rate ranging 
from 15 to 26 per cent. After 5 years of anti-malaria work in the city the 
spleen rates were round about 2 to 3 per cent, while in two wards the parasite 
rate was still round about 12 to 15 per cent. Would Major Afridi state if 
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A. Stephens* was considered a carrier in Delhi and what percentage of wells 
bred this species and how the breeding was controlled ? 

Mr. Iyengar said that he wished to know if there was any relation between 
spleen rates and density of population In his experience Bengal towns with 
a fair density of population had very littlo malaria He also wished to know 
if adult catches represented the actual incidence of adult mosquitoes in the 
area There was usually very great variation in the catches from day to day 
and from month to month and even when there was intensive mosquito breeding 
in ponds, the adult catchos were often small and did not reflect the extent of 
breeding He further enquired about the effect of oil containing 2£ per cent 
cresol on fish and vegetation Did the wator get discoloured as a result of the 
decomposition of the vegetation ? Did the oil spread equally well in dirty 
as well as in clean water ? 

Dr. Lai enquired whether the question of converting the low-lying bela 
area near Okhla into a lake had boon considered. He also wanted to know 
how they proposed to deal with the Najafgarh Cut which extended to many 
miles and drained the shallow jheel and marshes of Najafgarh By increasing 
the gradient they will make the level of the outlet lower than that of the 
river. Did they propose to put in a sump and a lift pump ? 

Major Afridi roplied to the various points raised m the discussion 

15 Dr B A JRao (Mysore) said that one of the objections to the uso of 
pans-green as a larvicido m anti-malaria work was that it was not hundred 
per cent successful as judged by the standard of larval catches, in the course 
of field experiments it was seen that the first and socond stago larvso 
remained almost untouched by pans-greon This was perhaps purely a phys- 
ical defect in that the size of the particles of paris-greon in common uso was 
too big for the larva in the early stages of its growth This handicap can 
effectively bo controlled by spraying pam-groon mixture once a week, or oftener 
if necessary, so as to catch these Iarv» before they pupate 

In the light of his studies, conducted over a period of eight years in the 
Nagenhalli area, it was possible to conclude : — 

(1) That paris-green can be used effectively for controlling anopheline 

breeding in irrigation channels. 

(2) That a one per cent mixture with a suitable inert diluent is quite 
' an adequate strength for use as a larvicide. 

In connection with Dr B. A. Boo's paper Dr Sweet emphasized the 
utility of paris-green as a larvicide in running water Ho had used paris- 
green in irrigation channels for years in Mysore with overy evidenco of sucoess 
He could not say that he did not get the larval drift mentioned by Smton 
He did get the drift, but it was in large channels only and there he had to use 
booming and other methods mentioned by Sinton. In the smaller channels 
paris-green was completely effective as far as could be judged by larval 
dippings, adult catches and spleen and parasite rates. 
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16. Captain Sinha (Calcutta) said that the Bengal Publio Health 
Department had carried out an experimental scheme in Meman Police thana 
of Burdwan district to investigate the extent to which malaria incidence 
could be reduced by mass treatment with plasmochin and quinine without 
carrying out any anti-mosquito measures. 

The experiment lasted for four years from 1933 to 1937. It was observed 
that the malaria incidence had been reduced by more than 60 per cent, the 
fever index which was 16-0 in 1933-34 had come down to 4-2 in 1936-37. In 
the control area the index had gone down from 42-6 to 26*0 in the corresponding 
years. Spleen index also underwent similar reductions In the experimental 
area it was reduoed from 68-0 in 1933 to 21-4 in 1937, while in the control 
area it was reduoed from 60-6 to 42-9 only The parasite index had also been 
reduoed in the experimental area to one quarter of what it was in 1933. 

Several factors which adversely affected the results of the experiment 
were enumerated by him. 

In connection with Captain Sinha’a paper Dr. Krishnan said that the 
question of drug prophylaxis of malaria in rural areas in India was a very 
important one. Rural India watched the results of the Bengal experiment 
with great interest. But unfortunately the results did not come up to the 
expectations of many. As explained by Dr. Sinha, several factors adversely 
affected the success of the experiment. All that one could say at present was 
that the results so far obtained were not very significant although they were 
not altogether disappointing. 

17. Dr. K. L. Chowdhury (Calcutta) said that the problem of mosquito 
control m Caloutta could be considered from two aspects 

(A) General problem— pertaining to the Corporation of Calcutta in the — 

(а) sewered area, 

(б) unsewered area. 

(B) Special problems— pertaining to the Government of Bengal and 

the Local Bodies in the — 

(a) salt lakes, 

(b) areas adjoining municipalities, 

(c) port, railways and docks, 

(d) irrigation canals, the New Out, the Circular and the 

fielkaghata canals, 

(e) maidan, Eden Garden, Government House, jails, etc., and 

(/) military areas : Fort, Boydguard lines, etc. 

The solution of the problem in Calcutta, he said, resolved into the following 
measures : — 

(a) In the sewered area : 

(1) House-inspection. 

(2) Adequate legislation like the Mosquito Ordinanoe. 

(3) Mosquito proofing of cisterns, oiling the street gullies, etc. 
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(b) In the unsewerod areas : 

(1) Vigorous anti-mosquito measures in tanks, ponds, lowlands, open 

drains, etc 

(2) House-inspection with the aid of adequate legislation 
(e) In the Halt Lake areas 

(1) Engineering schemes, such as land reclamation, cultivation, 

fisheries, refuse-dumping along a stretch of one mile along 
the eastern fringe of the city, etc 

(2) Research for chemical treatment of sewage in order to make il 

unsuitable for breeding Cvlex fatigans 

(3) Paris-green treatment and oiling 

(4) Amendment of the Calcutta Municipal Act of 1923 in order to 

enable tho Corporation of Calcutta to extend anti-mosquito 
measures up to a mile beyond its boundaries on all sides 

(d) In the adjoining Municipalities 

(1) Vigorous cleansing and oiling of all surface drains, cess-pits, 
lowlands, eto , especially during the cold months, viz. 
November to March 

(e) In the Port and Dock areas 

(1) Regular inspection of all boats, ships, barges, etc, and taking 

suitable anti-mosquito measures 

(2) Suitable legislation 

In connection mth Dr. K L ( 'howdhury'e paper Mr M 0 T Iyengar 
(Calcutta) asked what was the present incidence of Anopheles stephemi breeding 
in cisterns in Central Caloutta. It was about 40 to (10 per cent m 1920 accord- 
ing to his survey made during that year 

It was necessary that the area surrounding Calcutta was also controlled 
as it was frequently said that all the Culex fatigans found in Calcutta did not 
breed within the city but came from outside. 

Dr. Lai said that as Chairman of the Sub-Committee appointed by the 
Anti-mosquito Committee of the Caloutta Corporation ho had an opportunity 
of studying the serious problem of mosquito nuisance in Calcutta Those 
living in the Ballygunge area and in certain other parts of Calcutta were 
disturbed in their sleep every night and wondered what the city authorities 
were doing to exterminate this pest. As a matter of fact the anti-mosquito 
problem resolved itself into two parts, namely, (1) one involving major 
engineering schemes and the other measures requiring large funds, and (2) 
one which could be effectively dealt with by proper organization of available 
resouroes. It is surprising how much could be done to reduce the mosquito 
nuisanoe in this city by the proper handling of the problem Under the 
present arrangements too much attention was being paid to such breeding 
grounds as house-cisterns which contributed a comparatively small amount 
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to the mosquito population but consumed large funds and even so only a few 
of these oould be dealt with. 

18. Dr. G. C. Ohatterjee (Calcutta) gave an account of the different 
species of larvivorous fish found in Bengal and referred in particular to the 
following: (1) Cohsa spectosa (Chuno kohsa), (2) Haplochilus, (3) Panchax 
panchax, (4) Barbus ticto, B sophore, B conchonius, B. stigma, B. phutunio, 
(5) E nonius danricus, (6) Rasbora dantcmius, (7) Amblypharyngodon mola, 
(8) Brachydanio reno. 

He then referred to the larvivorous qualities of the fry of carps and their 
value in controlling mosquito larval breeding m the tanks of Bengal. In 
order to encourage the growth and multiplication of larvivorous fish generally, 
in the tanks, he recommended the cultivation of the land around the tanks 
enriched as much as possible by the sludge removed from the tanks, If in 
addition the rain water from these lands is made to dram into the tank then 
the fish multiply in large numbers and larval breeding ir kept down to a 
minimum 

In connection with Dr 0. C Ohatterjee' s paper Dr Krishnan said that 
he had conducted field experiments in some of the Bengal villages on the 
utility of fish as mosquito larvae destroyers through a grant from the Indian 
Research Fund Association in 1934. He was glad to note that Dr. Chatterjee 
had found the fry of carps extremely valuable. This was entirely in keeping 
with his own findings and he wished to emphasise the use of fry on a more 
extended scale for controlkng larval breeding This appeared to be a very 
useful, economical and profitable measure, under the peculiar conditions pre- 
vailing in the Bengal villages. 

19. Dr Hora (Calcutta) said that m India there was a variety of indigenous 
larvicidal fish belonging to the family Cyprmodontidee, which was probably 
not inferior to Qambusia. The latter had been introduced from outside in 
recent years. He referred to the recent biological work of Fraser on Panchax 
lineatus (C V.) and of Hora and Nair on P. panchax (Ham ). On the strength 
of these Btudies he made a plea for an intensive stimulus to pisoiculture in 
India, as the young of practically all kinds of sluggish -water fish could feed 
on mosquito larvte. 

In connection with Dr, Horn’s paper Dr. K. L. Chowdhury supported 
the views expressed by Dr Hora regarding the value of larvivorous fish in 
malaria control. 

Nuria danrica was another very good larvicidal fish. This species was 
found in Assam particularly dunng the rains. 

In Calcutta good results had been obtained by oarefully preserving the 
fish fauna, whatever they might be, and also the natural vegetation growing 
there. 

Dr. B. Rio (Mysore) said that in Bangalore Qambusia was used intensively 
for the oontrol of A. stephensi in wells. The fish together with B. puckelli 
and B. punctatus had been stocked in step wells in Chitaldroog district for 
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guinea-worm control It was obsei ml that all the fchreo s|m‘<;ich thrived quite 
well in those wells Jt was a common observation that the fish, no matter 
what type it was, was useless as a larvieido m the tanks where there was 
heavy vegetation. Cleaning the tanks ol vegetation was in itself effective 
and in most eases additional stocking with fish was not neiesNary When 
dealing with big areas, it was not practicable to keeji the tanks clear of vegeta- 
tion as the growth reappeared quickly and vigotously The same iact had 
been observed in wells stocked with Gnmbiuna whenever the well watt r was 
dirty, and m such eases A slephenxi was commonly found in usso< uitum with 
Oambwiia 

Mr M. O T Iyengar said that he was entirely m agreement with l)r Horn 
regarding the undesirability of introducing foreign fish like (lambim a One 
should bo very wary of any such attempts if one were to piofit by the exponent e 
of other countries Gwnbusm was very piedaceous to the young of edible 
fish and fishermen in Italy and Spam were violently against the introduction 
of Qambusia as it affected fisheries adversely We know that both Panrluix 
and Anopheles larva! are often fount! together That is betause the larva- 
are affordod protection by the dense aqiiafn vegetation. The argument 
that if wo clean the vegetation tho mosquito larvai would also tlisapjK’ar was 
not always true One frequently observed ponds with very little aquatic 
vegetation and yet breeding Arwphck a mosquitoes In such < ases, the intro- 
duction of Panchax would be most effective m controlling mosquito breeding 

VI 

20 Mr. (lurry (Calcutta) said that in Mengal, owing to the economic 
needs of a rapidly increasing population, embankments, to prevent many of 
its rivers overflowing their hanks, had been erected At first the results of 
such action were very profitable . crops were grown without risk of rum by 
flooding, railways, roads, factories, and all other amenities and accom- 
paniments of material and industrial progress were introduced Later, however, 
the harmful effects of the policy of embankments began to be felt When a 
river is embanked the silt, which is intended bv Nature to lie discharged on 
to the surrounding lands, could not escape from the river channel and was mostly 
deposited on the bed, thus choking tho channel and causing the bed level to 
nse As the bed level rises the water level also rises and, in consequence, tho 
embankments havo also to be raised to keep pace with tho rise in the bed and 
water levels of the river Tho lowlands remain at the same levels and so 
unhealthy swamps are formed which cannot be drained and become a menace 
to public health. The lands, which would normally be revitalized and 
moistened by river spill, become infertile and tho natural system of surface 
drainage becomes upset. Owing to tho rise in the nver levels the danger 
of breaches in the embankments and of disastrous flooding of large areas 
becomes great. 
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The oontrast between the conditions in East Bengal and Central Bengal 
is very striking. In the former (except in a few areas where embankments 
along r Ivors have been constructed) the countryside is subject to nver spill 
and is fertile and populated by a virile and healthy population 

In Central Bengal whore the rivers have been embanked, all the harmful 
effects mentioned above are evident The rural population is declining and 
has become debilitated by malaria and other diseases, and agricultural pros- 
perity has decreased. 

So a beginning was made, in a small way, with flood-flushing schemes in 
different parts of tho province Thus tho highly malarial village areas of 
Pmgla, Naramgarh and Kola in the district of Midnaporo, covering an area 
of 8,278 acres including 729 tanks, have been flushed with water from the 
Cossye and Rupnaram rivers through the Midnapore canal system, free of 
charge to the villages, during tho flood seasons of 1932 to date 

The inhabitants there are kept under medical observation by the authorities 
of the Public Health Department, and tho reports show a marked improvement 
in public health as evidenced by reduced treatment at dispensaries for malaria 
and othor fevers and by a reduced spleen index The results of the introduc- 
tion, in 1934, of flood water (free of water tax) from the Cobra Nullah on the 
lands of the villages of Maidyagobuidpur, Madapur, Bahadurpore, Sultanpur, 
and others in the Murshidabad district, wore oven more striking, for whole 
village sites which had been abandoned on account of malaria were re-occupied 
Seven thousand one hundred and twenty acres were flushed and the report 
shows that in addition to reducing malaria tho yield of the arnan paddy crop 
was approximately doubled and grubs and insects like white ants wero 
destroyed 

Encouraged by the success of tho trial measures mentioned above, and 
acting on tho suggestions put forward by the Public Health Department and 
by the Rural Development Commission of Bengal, an ambitious scheme has 
been submitted to the Local Government for flushing 3,60,000 acres m the 
districts of Burdwan, Hooghly and Howrah, between the Damodar and Hooghly 
nvers, by the flood waters of tho Damodar nver at a cost of Rs 273 lakhs 
( ™ £2, 1 00,000) The salient features of the scheme include a barrage on the river 
Damodar near Burdwan and a network of distributing channels fitted with 
regulators, capable of carrying 13,160 cusecs (a discharge equal to tho normal 
flood discharge of the Thames river at Staines), and adequate sluices for the 
drainage of the excess water into the river Hooghly. 

In connection with Mr. Curry's paper Mr P Neogi obsorvod that tho 
distnots of Hooghly, Howrah, 24-Parganaa and Burdwan were the districts 
of Bengal which were most affected by malaria and as an inhabitant of the 
Hoqgjfily district he was glad to note that a scheme of eradicating malaria by 
flood-flushing had been made at the cost of Rs.273 lakhs for 3,60,000 acres. The 
oost was not prohibitive as it was realizable. Flood-flushing or ‘ Bomficazione ’ 
had eradicated malaria from Italy and Panama and it should be tned exten- 
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sively in North and West Bengal East Bengal on account of natural flood- 
flushing every year was practically free from nialaiui Railway embankments 
wore necessary evils but they must lie provided with a sufficiently large number 
of culverts for flood-water to pass freely Flood-water will also flush the 
railway burrow-juts which contained stagnant water priu tically throughout 
the year and were, therefore, hint ful and constant breeding jilaces for malaria 
Irrigation and malaria were almost synonymous teims and it is flood-flushing 
which could make them opposite terms 

21 Mr CJnfhn (Calcutta) said that among the various ways in which 
man’s interference with nature had caused drainage obstruction, the following 
might be mentioned — 

(1) Encroachments on drainage channels, either by building over 

them, or too close to them— theieby confining the channel in 
too small a width 

(2) Obstruction of drainage channels by throwing into them rubbish, 

caith, or filth 

(3) By jiuttnig fishing weirs across drainage channels and failing to 

remove them again when the fishing is ovor 

(4) The construction of embankments for roads, railways, or canals, 

without making sufficient jirovision for the natural surface 
drainage 

(5) Paddy field terracing 

(fi) Mining subsidence The results of mining opera t ions m many 
jilaces have been known to cause the surface of the ground to 
cave in, with the result that water stagnates in [tools and the 
gradients of surface channels are interfered with. 

One of tho ex [>eri mental anti-malaiial schemes carried out by the Bengal 
Public Health Department m 1917 was in connection with the colliery land 
near Ramganj. Here the land hod been tumbled about by mining subsidence, 
and m one place there was a level swamj) The enginc'ormg work done con- 
sisted of re-grading the natural surface channels, putting in culverts where 
embankments were obstructing drainage, and in draining the swamp by means 
of network of sub-drains. These consisted of earthenware pipes, laid open- 
jomted in a bed of gravel and broken stone There was a mam sub-drain, 
and branch drains in herringbone fashion Of course, careful levels were 
taken to shew that there would be a proper outlet for the mam sub-drain. 
The drain at its outlet end was about. 4 feet below ground, but there was a lower 
level channel into which it could discharge. 

An interesting form of sub-drain was constructed in connection with tho 
anti-malarial schome at tho Meenglas Tea Estate in the Duars. This estate 
is traversed by a number of streams ( jhora # ), and there is a good natural slope 
from north to south As the Anophelines were breeding along the edge of 
the running water, it was decided to put the streams underground by means 
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of Bub-drains. The long distance for transport would have made earthenware 
pipes expensive, and as plonty of stone was available at the site, it was decided 
to make the sub-drains of stone. A stone bod was laid to a continuous gradient, 
side walls of dressed stone were built on it, and big stone slabs laid across the 
top, — the whole being then filled in with small stones up to the natural bed of 
the jhora The side walls and top stones were laid without mortar so that 
water might find its way into the dram through the crevices of tho stonework 
One or two length of small drams were done with pipes, so as to make a com- 
parison in cost. The cost of a sub-dram 9' wide and one foot high worked 
out at -/7/fi per foot. 

In tho low-lying parts of flat country like the deltaic areas of Bengal 
water must lodge during tho rainy season, and often, — as far as malaria is 
concerned, — it is found better not to attempt drainage, but to bring in river 
water so as to raise tho general level and thereby reduce tho amount of edge 
round which the mosquitoes breed, hence the ‘ flood-flush ’ drainage schemes 
Good results have been obtained by the application of this principle Tn urban 
areas, where the surface water must be removed from the vicinity of habitations, 
underground sewerage systems aro constructed These, with their pumping 
stations are, of course, expensive When cheap electric power is available, 
as m the Calcutta area, neither tho capital nor running cost is high A low 
level tank can be constructed or an existing tank or series of tanks can be 
made use of to act as a storage reservoir to receive the water from the land 
to be drained, and by moans of a pump of moderate size and cost, the water 
can bo pumped away at leisure. An example of this can be seen at the Jodhpur 
golf course, where a 4 horse-power pump deals satisfactorily with an area 
of 80 acres The power required for the pump is so small because the height 
through which tho water is lifted is only six feet 

In a deltaic area, tho land near the river bank is above Hood level, while 
further away from the river it is below flood level. It follows that there is a 
natural line, — roughly parallel with the river, and at a certain distance from 
it, such that, between the line and tho river the policy of land raising and 
natural surface drainage should be pursued 

In connection with Mr. Griffin's jxiper l)r. Lai enquired if mole drainage 
had hoed tried in Bengal 

Mr Griffin in his reply said that mole drainage had, so far as he was 
aware, not been tried m Bengal and he did not think conditions were suitable 
for it in this province 

VII. 

22. Mr. Senior-White (Calcutta) said that he had been studying the 
role of various chemical factors such as pH dissolved oxygen, mineral solutes 
and saline ammonia m connection with mosquito ecology He had found 
that high dissolved oxygen content appeared to favour the use of natural 
wateTB by Anophelmes, and that this was especially important in rioe fields ; 
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but the principal discovery mode was that mime ammonia m amounts of less 
than 1 p p.m was inhibitory to natural water breeders, especially Anopliehnes 
On a previous occasion he had studied in addition to pH the following factors 
and had shown that they wore of value m controlling mosquito breeding 
conductivity, carbonates and albuminoid ammonia He, therefore, recom- 
mended further studies on residual pH and dissolved oxygen m the hope that 
they will yield results of great value Phosphates appeared to be of much 
less importance than they were when found in sea water they were also 
worthy of further study The conclusions formerly arrived at with regard to 
saline ammonia were confhmcd for three veetor sjiecies but not for the non- 
carrier A snbpicius. His work had since been confirmed by Beattie (19321 1 
for a Neotropical species, showing that this entenon was the only one of 
importance so far discovered Whether it was applicable to all the 130 known 
species of the genus Anopheles was, however, quite another matter 

Mr Senior- White also tested the 1 horbago cover ’ method of mosquito 
control. Ho had recently found that it, hail great possibilities It is n 
recognized method for producing excess albuminoid nitrogen in the presence 
of deficient oxygenation. It has long boon apparent to all workers that ehetn teal 
larvicidos have a very limited application owing to their excessive cost, and 
are, in fact, quite unsmted to the vast rural tracts of this and other tropical 
countries Cheaper methods will have to be evolved if anything is to be done 
for rural malaria generally We now see that in adopting the above methods 
of malaria control we would lie enriching the soil for agricultural purposes as 
well and this would doubly benefit the villagei Wc come to purely agricultural 
methods as our main weapon of attack, the raising of fodder crops, the stabnla- 
tion of cattle, the conservation of cow-dung for manure instead of its wasteful 
expenditure as fuel. These are questions for the agriculturist and the economist 
rather than for the malanologist, who can only strengthen the hands of these 
professions by pointing out that the success m their immediate object will, 
in time, lead to the control of the * King of Tropical Diseases ’ 

23 Dr. Sen (Calcutta) stated that A ludloun was migrating mom and 
more towards human habitations yenr after year This migration is helped 
in many places through the agency of transport either by tram, count ry-lsmt, 
or perhaps by bus This has been shown from the catches made at the different 
railway stations such as Majherhat. Sealdah, Shambazar and Howrah from 
time to time, as also from the lock-gates at Baghbazur and Kulti Once 
transported near human habitations the species takes to new environments 
and establishes itself. Its great adaptability to various ranges of salinity, 
even to fresh water, enables it to do so Thus m recent years the speeies, 
although normally a brackish -water breeder, has established itself m many 
places in what may be considered os fresh-water breeding places. This is in 


1 Buxton’s (11)34) analysis of this author’s findings should he studied part passu with 
the original paper, 
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oonformity with the experience of workers in estuarine and deltaic faunas. 
Other factors which help the spread of this species are heavy rainfall and 
embankment of rivers in areas subject to tidal influence. 

24. Dr. D N. Roy (Calcutta) read a paper on the possibility of certain 
salt water races of A. subpictvs acting as earners of malana. He said that 
he had found some of the adults infected m nature 

In connection mth Dr. D N Roy's paper Dr P Sen said that although 
Dr. Roy’s experiments were very interesting, one thing that struck him was 
that there was the possibility of his dealing with A . sundaxcus instead of A . 
subpxclvs. In the larval stage it is so very difficult to distinguish between the 
two. As regards the natural mfectivity of tho species he was unable to con- 
firm Dr. Roy’s findings although he had dissected a large number of adult 
A. svhpxclus caught in the lake area 

Mr M 0 T. Iyengar said that Anopheles svhpxclus was very extensively 
prevalent m the Salt Water lakes pnor to the invasion of that, area by Anopheles 
ludloxux — and yet no malaria was found anywhere in the area Tho spleen 
rates in 83 villages m that area were practically zero 

Owing to the scarcity of cattle m the area, we ought to exclude the 
explanation that A. subpxdus is zoophilic and that it is therefore not a trans- 
mitter in nature. 

25. Mr M 0 T Iyengar said that the natural parasites of mosquitoes 
fell into the following groups (1) Bactona, (2) Fungi, (3) Protozoa, (4) Nema- 
todes, (5) Trematodes, (6) Insects, and (7) Acannes In this list, many of 
the parasites are of doubtful importance as agents checking the mosquito 
population. Judging from the morbidity caused in the insect-hosts and its 
pregnancy the following are of importance in India (1) Coeloniomyces, 
(2) MicrosjKiridia and (3) Mermithidse 

(1) Coelomomyces. 

Wo have two species in India, C xndutna and C anophdesxc, both of 
which infest Anopheles larvae and adults and cause considerable mortality 
Several species of Anopheles have been observed to be susceptible to this 
infection. 

(2) Mtcrosportdia. 

Three genera of Microsporidia wore recorded by him as infest ing mosquito 
larvae in India, namely, Thelohama, Nosetna and Plxslophora 

(3) Mermilhidce 

These worms live m the haemocele of the host and cause considerable 
mortality. The parasitic stages are tho larval phases, the adults being free- 
living and short-lived. 

These three groups comprise the parasites that play a significant role in 
the natural control of mosquitoes in India. Our knowledge of these different 
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parasites is admittedly meagre ; further studies are indicated in regard to their 
distribution, incidence, life-history and ecology Until further information 
on these points is available, it would be difficult to answer the question ‘ Can 
these parasites be utilized for a biological control of mosquitoeB ? ’ 

VIII. 

26. Dr. B M. Das Gupta stated that P mui, a quartan parasite occurring 
as a natural infection in S mu, had been successfully transmitted to a human 
volunteer in whoso blood the parasites appeared 23 dayH after inoculation 
and in whom the infection persisted for one week The number of parasites 
observed in the blood of the volunteer was never high and recovery was 
spontaneous. Febrile symptoms were observed for three days only The 
stages of the parasito encountered were rings, trophozoites and s< h fronts. 
Gamotocytes wore not found 

Dr Krishnan said that Dr Das Gupta’s finding wns very interesting. 
The host parasite specificity is usually very rigid in plasniodial infections, 
but a few examples of successful cross-infection experiments are on record. 
This would be an additional example. 

IX 

27 Dr S L Hora said that ho had Btudiod the contents of the alimentary 
canal of a largo number of specimens oi P panchax collected from several 
localities in the Ballygungo, Tollygunge, Howrah and Pulta Waterworks 
areas His findings with regard to natural food of the fish confirmed thoso 
of Dr Sen . but he, at tlio same time, did not find many mosquito 
larva* m the pieces of water inhabited by this fish. From experiments 
carried out in the field by introducing the fish in mosquito-brooding places, 
ho concluded that Panchax preferred to feed on mosquito larvae, and when 
thoir supply wus almost exhausted they began to feed on other types of food, 
mostly insects and especially ants These results were confirmed by laboratory 
experiments, m which the fish were given a mixed diet of mosquito larva* 
and other types of animals, such as Chirononud larvae, Conxnd bugs, may- 
fly nymphs, water mites, beetles, etc Under these circumstances the fish 
showed a definite preference for mosquito larvae It was observed that, when 
kept with algae, the fish preferred to starve rather than to feed on vegetable 
matter The voracity of feeding and the intensity of digestion of the fish 
were also studied 

It was definitely found that Panchax was n very effect ivo larvicidal fish 
and its use. under Indian conditions, was therefore strongly recommended. 

In connection with Dr. Horn's paper Dr Son said that he was grateful 
to Dr. Hora for the confirmation of his mam findings on Panchax panchax 
within such a short time of publication of bis paper. He had studied at least 
four kinds of so-called larvicidal fashes of Bengal, Panchax panchax, Barbus 
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stigma, Esomus danricns and Tnckogaster fasciola and certain other species 
wore under investigation He found that of all these fishes Panchax alone 
showed evidence of ingesting anopheline larvae to the extent of 10 per cent 
as evinced by the analysis of stomach contents In his experience the Panchax 
did not exhibit any preferential activity towards Anopheles larvae. It attacked 
all darting objects and that explained why in aquaria in the midst of other 
kinds of living organisms it attacked Anopheles larvae ro vigorously He 
reared the fish in the laboratory with both mosquito larvae and ants. Not 
only adult ants but other strongly chitinized insects like beetles and chalcids 
were often found in tho gut. This fish can also feed on algae Dr Hora had 
cited Dr Fraser’s observation and opinion that the shining structure (the 
third eye) on the head of the fish attracted adult mosquitoes, but so far as his 
observations go tho adult mosquitoes were attacked by the fish at the time 
of their emergence from the pupae whin they were m a helpless condition 
because somo time must elapse liefore they could use their wings There 
seemed to be some doubt about the usefulness in removing vegetation from 
water collections. In his experience doaramc itself was a very good anti- 
larval measure. After the tank was cleared there was hardly any necessity 
of introducing fish Trichogasler was also carnivorous to a certain extent , but 
the other two fishes studied by him, that is Esomus and Harhus , were primarily 
herbivorous. 

Several persons took part in the discussion and at. the end Dr Hora 
briefly replied to the various points raised 
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PRESENT POSITION OF ANTI MALARIA I. DRUG THERAPY 
IN INDIA 

By R N. Chofra, Bt - Col ,C I E , M D , Sc D ( Cantab ), F BC P (Bond ), 

IMS, Honorary Physician to thi King, Director, School of Tropical 
Medicine, Calcutta 

(Read at Symposium, Avgust 27-28. 1937 ) 

In this paper I propose 1o deal briefly with the present position with 
regard to drug thorapv in malaria The unlnnalaiml drugs ma\ lie divided 
into two main groups — 

T Tho Cinchona den vat ives 

II Other untimalarial remedies This group unhides most ol tlie 
synthetic drugs 

l Cinchona Derivatives 
A Cinchona alkaloids 

It is well known that as many as 20 alkaloids and probably nioro are 
present in the cinchona bark, all of which are chemically closely allied to oath 
othor Those alkaloids have been divided into (i) orysfallizable alkaloids, 
and (n) amorphous alkaloids The former group only has antimalanal pro- 
perties , the amorphous alkaloids have been shown to be inactive in this 
respect Of the erystallizable alkaloids present, four occur m largo quan- 
tities , those are quinine, quinidmo, cinchonine and cinchomdme Till recent 
years these alkaloids were tho only drugs available which had specific 
action on tho malarial parasites If given in suitable doses and under pro]x*r 
conditions their action in controlling malarial paroxysms is certain Of 
the four alkaloids quinine still holds the foremost position m the treatment 
of malaria though tho antimalanal value of tho other three alkaloids has been 
fully established From the data now available there is no room for doubt 
that qutpidine, cinchonine and cinchonidme, in similar doses to quinine, are 
equally or very nearly as effective in the treatment of malaria In considering 
tho rolativo therapeutic value of different alkaloids, it is of importance to take 
into account their effect in causing harm or inoonvemenre to the patient It 
may be said in favour of quinine, that it can as a rule be given in sufficient 
doses and for sufficiently long periods without danger to the patient, Cincho- 
nine is more nauseating than quinine and is liable to produce blurring of vision 
Quinidine is also more nauseating and has a powerful depressant action on the 
heart. Cinehomdino is neither toxic nor irritant but is distinctly the weakest 
of the four alkaloids 
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The importance of the fact that all alkaloids have marked antimalarial pro- 
perties is very great to India where the economic condition of the people is low 
and purified quinine preparations, on account of their high price, are beyond 
the means of ordinary people. The reasons why quinine is more expensive 
than the total alkaloids of the bark are ( 1 ) That its proportion in the bark 
usually is a little more than half of the total alkaloids Cinchona svccirubra 
and Cinchona officinalis barks, for example, contain about 5 to 6 per cent of 
tho total alkaloids of which only 3 per cent is quinine Cinchona ledgmana 
contains somewhat higher proportions, (h) The cost of its separation from 
other alkaloids and purification further adds to its pnee. It would follow, 
therefore, that if the total alkaloids are used they will be cheaper than if only 
quinine by itself is used. It was for this reason that. ‘ cinchona fohnfugo ’ 
has been used in India and the League of Nations have introduced tolaqmrui 
which contains 70 per cent of tho total alkaloids of which 15 per cent must bo 
quinine. By this means it is hoped that the treatment could he made less 
expensive and extended among tho masses 

Some of tho other alkaloids of the cinchona bark which occur m smaller 
quantities than the four alkaloids stated above, for example cupreine and cup- 
roidino compounds, have also antimalarial properties. Cupreine sulphate in 
doses of 1 gm. was found by Giemsa and Wemef to be a good substitute for 
quinine in human malaria, but it is much more expensive and toxic Those 
observers also obtained good results with qum-ethylino and quin-propyline in 
doses of 0-3 to 0-4 gm in human malaria and with these compounds 
and quinamylino m bird malaria. Ethyl-hydrocupreine or optochin has been 
tried in malaria but it is a toxic compound. 

The hydro-alkaloids are said by some to be more effective than ordinary 
salts. Giemsa and Werner, Baerman, MacGilchnst, Morgenroth, Goodson 
and many others have proved that hydroquminc as regards both its tolerability 
by the human subject and its parasiticidal action is superior to quinine Rabo 
and his co-workers have been successful in preparing hydroquinine syntheti- 
cally, but the process is so costly that there is no likelihood of possible compe- 
tition between the artificial and natural products 

The disadvantages of the cinchona alkaloids are • — 

(1) They have no action on the sporozoites injected by tho mosquitoes 
and therefore they cannot have any really prophylactic action in this disease 
This was demonstrated by Yorko and Macfie (1924) who showed that 18 grains 
of quinine for 6 days before and 7 days after tho mosquito bite failed to avert 
an attack of malaria, but if the drug was continued for 10 days, the disease 
did not develop. ThiB shows that those alkaloids have little effect on the 
injected sporozoites but act on the asexual forms liberated from tbo infooted 
red blood corpuscles. 

(2) Cinchona alkaloids have little effect on the sexual forms of malignant 
tertian parasites. They, however, impede the formation of the pre-gametocytes 
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of P falc\paruin and may thus lw regarded aw directly Mhuontuidid and 
indirectly gamotocidal 

(3) They do not provent relapses 

(4) Those alkaloids do not act uniloi inly on all siiains of nmlatia 

After the Great War there was a feeling ugainsl the use of i in< hona .dka- 
Ioids especially quinmo and it was Naid that this drug was not. eftei live against 
certain forms of malaria. Further investigation, however, showed that this 
was not due to any fault of the drug but due to their improi>or use 

It has been proved by haunatologu al and other evident o that tlx 1 In st, 
method of administration ot these alkaloids is by the mouth It is advisable 
to givo thorn in the form ot solution but owing to their latter taste they nmv 
produce vomiting They can he given in the form of tablets so long as these 
are oasily disintegrate. Subcutaneous inject ion finds few advotales Intra- 
muscular injection should only lie tiled m those eases wheio administration hv 
the mouth is not desirable or possible as it is liable to prodin e hoi ious mutilation 
of parts Intravenous method should only he used for severe and urgent (uses 
Paronteral method should not bo used tor loutme administration of these 
drugs Intravenous injections must only be employed where the patient is 
comatose, or very gravely ill when an immediate response is necessary Any 
evidence of impending cerebral malaria is an imperative indication tor 
injection treatment 

On the appearance ot acute symptoms of primaiy infection, quinine has 
a definite action from the third day onwards (second paroxysm of fever) in 
Ixinign tertian malaria Its action is less rapid accoiding to the stiams of 
malignant tertian concemod and symptoms may continue until the fifth dose 
(third or fourth paroxysm). 

As regards the time of administration of these alkaloids by the oral loute, 
it is advisable to give them 2} to 3 hours after a meal when the gastnc < ontents 
are acid, the digestion has been complete and the stomach is nearly ompty 
If given at this time they rapidly mix with the contents of the stomac h and 
pass into the small intestine from where they are quickly absoihed into the 
circulation. There is less liability of their in dating the stomach if administered 
m this way. 

Dosage . — Experience shows that in the ease of Indian strains ot malaria, 
a 5 to Trays’ course of treatment with 20 to 25 grains of the alkaloids daily 
is effective. Larger doses are not only wasted, but may do harm According 
to the Fourth General Report of the League of Nations, 0 5 gm of quinine 
hydrochloride sometime causes a temporary disappearance of trophozoites 
of benign tortian and quartan infection but a moan daily dosage of 1 gm for 
5 to 7 days is often necessary to cause the trophozoites to disappear and not 
to make their reappearance m the peripheral blood after a latent jienod ot 
varying lengths, in tho course of first relapse In malignant tertian malaria 
1 3 gm. produces analogous results It is also agreed that definite advantage 
is obtained by combining them with alkalies. 
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B Preparations containing Cinchona Derivatives 

During recent years a number of cinchona derivatives have lieen used in 
the form of proprietary remedies whose composition is secret. Various claims 
have been made for those, amongst others that they have destructive action 
on both the sexual and asexual forms of all forms of parasites, that they 
prevent relapses and that they have prophylactic value. A numlier of pre- 
parations are on the market and we have tested somo of these. Our observa- 
tions show that their action ih practically the same as cinchona alkaloids, they 
have no action on the gametocytos of malignant tertian, they do not prevent 
relapses and have no effect on the trophozoites Being proprietary remedies 
they are very much more oxponsive Tho following are some of tho prepara- 
tions in use * — 

Malarcan . — Malarcan is said to he a compound of a stereo-isomeric base 
of methyl-cupreine with metliyl-acridmium chloride and hydrocholic acid 
It is thus proliably a donvativo of quinine or quinidino 

Tebeiren . — Tobetren is described as methyl hydro-cupreinc-methyl- 
acridino-dihydrocholato, i.e a compound in which quinine is combined with 
acridine (from which atcbrm is derived). 

Paludex — Another synthetic drug which has been recently introduced 
is paludex. It is a complex organo-metallic preparation containing copper 
joined to an oxyquinoline group Chemically paludex is cupro-oxyquinolin 
sodium sulphonato, and contains 8 37 per cent of metallic copper It is a 
groenish amorphous powder, readily soluble m water, forming a solution which 
is neutral in reaction and stable under ordinary conditions 

Plaamodex is a similar compound, containing copper in a larger proportion 

Eaanofeles . — This is a proprietary preparation containing 0 1 gm of 
quinine bisulphate, 0 001 gm. of arsetuous acid, 0 3 gm of iron citrato and 
some bitter principles If given m the prescribed form, it contains too little ot 
quinine to bo of any therapeutic valuo, specially against malignant tertian 
infection. 

II. Other Antimalarial Remedies which include Synthetic 
Antimalabial Drugs 

Those compounds can be divided into two groups (1) Those which 
have action like the cinchona alkaloids on the asexual cycle, o g. atebrin, and 
(2) those whose main action is on the sexual cycle particularly of the malignant 
tertian variety, e g. plasmochin. 

Neither of those compounds act on tho trophozoites injected by tho mos- 
quitoes and therefore have no true prophylactic value. They do not prevent 
relapses though their action in this respect iB said to be more powerful than that 
of oinchona alkaloids 

Their dosage as compared with the cinchona alkaloids is much smaller, 
but they Are more toxio. 
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(1) Plasmochm . — The shortage of quinine supply during the war Jed to 
experiments at Bayer-Meister-Lueius Research Laboratory at Elberfeld with 
the object of finding a synthetic drug which could lie used in its place 
Schulemann and his colleagues chose methylene blue for investigation , they 
prepared a largo number of compounds which were tested oil canaries inlet ted 
with Plasmodium relictum Among these compounds they found one whit h was 
particularly effective and this was an ammo-quinoline derivative in which a 
basic aliphatic radicle was united to a quinoline nucleus by a connecting link ot 
nitrogen. This compound was modified m many ways, and eventually the 
compound, first known as ‘ lieprochin ’ and afterwards as plasm oq uin or 
plasmochm was produced It was at first thought to have a definite i urative 
effect in tho treatment of all forms of malaria, but later experience showed that, 
while it was effective m adequate doses (which often produce toxic effects) 
in curing the benign tertian and quartan malaria by itself, in sub-tertian malaria 
it was of no therapeutic value because it had no action on the schizoids and 
some observers wont so far as to say it had a provocative action It, however, 
possesses the remarkable and unique property of destroying the crescents in 
the peripheral blood 

On account of this peculiar property of damaging the gametorytes it 
renders them non-infectious to mosquitoes Even such doses as 0 01 or 0 02 gm 
of plasmoquin daily are effective in this respect This remarkable effect 
against the more resistant form of the parasites is the greatest virtue of the 
drug but unfortunately it has little or no effect on the asexual form of malignant 
tertian parasites 

It should bo fully appreciated that plasmoquin is a drug which is likely 
to give rise to toxic effects and it should not be used for routine treatment of 
malaria It is combined with quinine, and it is claimed that this combination 
when continued for 2 to 3 weeks is more effective than quinine and the number 
of relapses is decreased Prolonged administration of this combination in 
therapeutic doses is likely to produce toxic effects but these are not so marked 
as a combination of plasmochm with atobrin Plasmoquin by itself thus 
holds a minor place in the symptomatic treatment of malaria 

Ciltonal — The toxic effects produced by plasmoquin have been lully 
appreciated by tho workers of Bayer’s Scientific Laboratories and they have 
been busy m producing loss toxic compounds. Cihonal is one of these com- 
pounds which has been recently introduced and which according to preli- 
minary experiments was not only more effective than plasmoquin but was 
considerably less toxic Trials on human beings show that this compound 
is certainly less toxic than plasmoquin but it is not so effective unless larger 
doses are given. The work m the School of Tropical Medicine has shown that 
this oertainly is the case with the gametocytes from Indian species of P. 
falciparum 

Atebrin — The work of Schulemann and his colleagues at Elberfeld, which 
culminated in the synthesis of plasmoquin, was continued by Mietzsch and 
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Maus. More than 1,200 compounds were prepared and eventually tho drug 
originally called * erion' ' and now known as atebrin was produced. Chemically 
it is the di hydrochloride of an alkylamino-acridine derivative and is a yellow 
powder with a bitter taste. ItH solubility in water is 1 in 14 and it forms a 
neutral fluorescent solution. The action of atebnn is very similar to qumme, 
but according to somo workers it is more effective than quinine in reducing the 
number of relapses. None of these drugs by itself nor any combination thereof, 
such as atebrin and plasmoquin or quino-plasmochin, represents a therapia 
magnaslerilxsan. 

Chopra and his co-workers (1033) carefully tested this drug on tho Indian 
strains of malaria and have come to tho following conclusions • — 

(1) Atebrin is an effective drug in the treatment ot Indian strums of 
malaria Its destructive action on tho asexual forms of benign tertian, 
malignant tertian and quartan types of malaria is about equal, tho schizonts 
disappearing from the peripheral circulation after 0 0 to 0*9 gm of the drug 

(2) The sexual forms or gametoeytes are more slowly acted upon than the 
asexual forms. Tho gametoeytes of the benign tertian and quartan types are 
readily destroyed The gametoeytes of the malignant tertian typo are rot 
affected at all. 

(3) The drug is effective in doses of 01 gm. three times a day, the course 
lasting for five days, making a total of 1-5 gm of the drug for the cure The 
drug can be given intravenously in doses of 0-1 gm to 0 3 gm. dissolved in 1 
to 2 o.c. of distilled water whenjrhe number of parasites in the jionphoral blood 
is large. 

(4) In chronic types of malaria the drug is effective and produces a rapid 
reduction in the sizo of the spleen. 

(5) Atebrin has earned a great reputation as a poworful remedy in 
preventing relapses in all species of human malaria In view of clinical 
evidence, tho drug would appear to be more powerful than qumme m curing 
malaria but so far as prevention of relapses is concerned this is not the 
experience with Indian strains of malaria. 

Atebrin musvnat — This form of atebrin has come into prominence through 
trials made during the rocent epidemic in Ceylon It is simply an improved 
form of a soluble atebrin salt suitablo for injection, 0-3 gm. of atebrin being 
contained in 0-375 of the salt. Hecht has shown that when atebrin is 
administered by mouth much of it is retained in the upper intestine, liver 
and bile, and only overflow goes to the peripheral circulation after these 
organs are saturated. This exceptionally high concentration of atebnn is 
responsible for the manifestation of toxic symptoms By injections the drug 
gets into the circulation quicker and gives response earlier Doses from 0-1 
to 0*37 gm. are given and a single injection often produces remarkable effects 
on the clinical symptoms, but recrudescence usually occurs in a few days. 
Two similar injections on successive days, however, proved sufficient to control 
the temperature within 48 hours and in four days all forms of benign tertian 
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parasites and the ring forms of malignant tertian are destroyed. Crescents 
are not affected and must be destroyed by plasniorpiin. The intravenous route 
ean be used, but this method apparently produces no quicker response than 
does the intramuscular and by some is not considered free ftoin risk The drug 
though quickly absorlied is quickly excreted and relapses me said to lie more 
frequent with intravenous injections 

It has linen reported that some eases of malaria fail to rosjauid to quinine 
and are controlled by atebnn and rim verm Tins max be due to n number 
of factors which interfile with the proper absoiption of these drugs The 
parasiticidal effect, of neither of these drugs is immediate and takes a ccitum 
time to manifest itself 

Toxic, effect/! ofatebrin — Atohrin even in therapeutic doses produces \cllow 
staining of the skin which may take weeks to disapjioar Tt may also 
occasionally produce headache, abdominal discomfort or colic, but cyanosis 
frequently met. with plasmoqiim is not seen There appears to Ik- no doubt 
that cases of psychoses of various forms and other crrcdir.il complications have 
been associated With its use. 

Rela-psc/i and Propkylaxvt — Quito a large number of malnnnl patients get 
relapses occurring within a few weeks to a few months after tieatniont, whether 
quinine or atehrm is used. Relapses are said to be loss common with synthetic 
drugs than with cinchona alkaloids but neither of these drugs completely 
eradicates the infection Although they have remaikable parasiticidal power 
over the asexual forms which produce clinical manifestations of the disease, 
their action on tho gametocytes is much fooblei and on the sporozoites 
negligible As regards sporozoites there is evidence to suggest m bird malaria 
that thero may even he a further cycle in the vortebinte host, and that 
sporozoites may not all directly give rise to asexual forms m the blood but may 
undergo schizogomc cycle of then own in the coIIh ot tho leticulo-endotbelial 
system. In this form unharmed by drugs they may exist, as a reservoir ironi 
which the blood may get subsequently re-infected and produce clinical relapse 
This has not yet been demonstrated in tho ease of human malaria 

A number of anti-relapse treatments are suggested, the best for tins country 
is 1\ t,o 10 grains of quinine twico daily for two consecutive days in the week 
for two months following the original course, or 5 to 7J grains may lx- taken 
daily for a like period. In the ease of atebnn a 5 days' course of 0 1 gm 
thrice daily repeated at intervals of a week or 10 days is suggested 

The reason why daily doses of quinine is often suggested as a projihylactic 
when its action on the sporozoites is negligible is that, although quinine and 
atebrin may not be lethal to sporozoites, their presence in tho blood tends to 
suppress the multiplication of asexual forms and so inhibits clinical manifesta- 
tions For prophylaxis, 5 grain doses of quinine daily or larger doses at cor- 
respondingly longer intervals have been used Some use 0 3 gm of atebrin 
weekly, but with this drug it is difficult to strike a balance with a dose which is 
effective and which is free ftoni undesirable effects. 
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Both quinine and atabrin have been combined with plasmoquin in prevent- 
ing relapses and as prophylaxis, but this is not considered desirable 

Atebnn and PlasmocMn combination — As atebnn only acts on the asexual 
forms of malignant tertian parasites it has been combined with plasmoquin. 
A comparative study of the action of atebnn and atebrin-plasmoebui combina- 
tion on Indian strains of malaria by Chopra and co-workers (1936) showed that, 
(1) in cases of benign tertian and quartan malaria the combination of the two 
drugs is not more effective than atebnn alone in so far as the time of disappear- 
ance of tho parasites from the blood ih concerned ; (2) in the case of malignant 
tertian infection, however, the combination appears to be more effective and 
the parasites disappear moro rapidly from tho penpheral circulation , (3) 
with regard to the relationship between the number of parasites and their 
disappearance from the peripheral circulation, atehrin alone and atebnn- 
plasmochin combination behavo m the same way, (4) the relapse rate is 
definitely lower m cases when tho combination of the two drugs is used , (6) 
the combination of tho two drugs is more toxic. 

Tt is therefore rocommended that in those cases where crescents are present, 
a 3 days’ course of plasmoquin 0 01 gm twice daily bo given after the course 
of atebnn is completed The toxic effects are thus eliminated. 


Antimalarial Drugs in Ape-malaria 

A fow words may be said about, the action of these drugs on ape-malaria 
It has boon shown that P knowlcsi produces a very intense and virulent infection 
in Silenus rhesus, causing death of the animal if untreated This plasmodium 
appears to be moro closely related to that occurring in man than plasmodia 
occurring in birds which are usually used for testing antimalanal drugs The 
results obtained should therefore be more readily applicable to man Chopra 
and Das Gupta (1933) showed that tho destructive action of atebnn on P 
Jcnowlesi Was exceptionally powerful Usually two doses of 0-026 gm. of the 
drug given intramuscularly or intravenously are sufficient to control a very 
hoavy infection which may amount to a million parasites per c.mm of blood. 
The drug affected equally the schizogony and the gametogony. Owing to its 
slow excretion, atebrin appears to exert a more prolonged action than quinine 
and atebrin is successful in checking a heavy mfeotion whereas quinine may not. 
It was, however, shown that even after five days’ intensive treatment with 
atebrin, the parasites invariably reappeared in the monkeys in 10 to 16 days and 
multiplied with the same rapidity as in the previous attack, causing death of 
the animal if prompt treatment was not given . The recrudescence can , however, 
be checked more easily, one dose sufficing to control tho multiplication of the 
parasites. After this a low grade of infection persists for long periods, the para- 
sitei losing their virulence. In contra-distinction to the action of atebrin, 
quinine according to Chopra and Das Gupta (1934) has a much less powerful 
immediate effect on those parasites. When the parasite count is low, i.e. below 
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100,000 per e mm., one dose (intramuscular or intravenous) may be effective in 
controlling the infection , but when the parasite count, is higher, 2 or 3 inject ions 
are necessary to control the infection. Further, the first effect of injection may 
bo an actual increase m the number of parasites The advantage of quinine is 
that relapses rarely oc cur after the treatment of the pi unary intei f ion, and even 
when they do occur, they are not often fatal The action of quinine thus 
appears to be slower and if the treatment, is started at a tune when the infection 
is moderately heavy, the infection does not seem to he effected, in most cases, 
in 24 hours or even longer with quinine, whereas with atebnn even if ticat- 
mont, is started late, i o when the count, exceeds half a million parasites per 
c mm , this invariably falls to a negligible number 

Stimulated by the results of these experiments, further work has been 
carried out, on the concentration attained by these dings in the circulating 
blood at. cl ilforent intervals of time in relation to parasite count With regaid 
to quinine, Chopra, (languli and Rov (1935) have shown that, theie is no direct 
relationship between the concentration of quinine hi the blood and the parasite 
count at any paitu ulai time The highest concentration of the alkaloid 
attainable without producing toxic effects pioduccd no apparent reduction 
in the number of parasites nor degeneiative changes in them The action of 
quinine thus appears to lie synergistic to other defensive mechanisms sot up 
in the body In therapeutic doses quinine augments these processes or possibly 
it acts on the jiarasites in such a way as to render them more vulnerable or 
unable to piopagate Studies on the concent ration of atebrin m the blood 
by Chopra, Oanguli and Roy (1930) show that the highest concentration of 
atebnn occurs between half an hour and six hours after the injection of atebrin 
Tho number of jiarasitcs per c mm of blood distinctly diminishes in the majonty 
of cases m the first 6 hours when the concentration of atebrin in the blood is 
highest Within 24 hours tho parasites are reduced to a negligible number 
oven in spite of the concentration of atebrin rapidly falling off. It is, therefore, 
reasonable to state that atebrin, unlike quinine, has probably some direct 
lethal action on Plasmodium knowlosi in vivo. This has been further confirmed 
by Chopra, Das Gupta and Roy (1936) who showed that atebnn solution in 
a dilution of 1 in 50,000 in vitro is capable of cloHtroymg the parasites even 
when the infection is heavy. Tho smears of bloc si which were kept in contact 
with atebrin showed degenerative changes in the parasites. This work is 
being further elaborated 

Three important points which have oorao out of this work are 

(1) Atebrin has a more powerful and moro rapid effect on P krmvUsi. 

Whereas quinine takes 24 hours to produce its effect, atebrin 
is effective in 0 hours and concentration of this drug runs parallel 
with the decrease m the number of parasites 

(2) Atebrin has some direct action on P knowlesx (1 in 50,000 concentra- 

tion), quinine has not In fact the first effect of quinine adminis- 
tration may be an actual stimulation of growth of parasites. 
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(3) A fatal relapse is more common after atebrin than after quinine. 
The action of quinine, though less powerful and less rapid, appears 
to be more prolonged and lasting 

Whether all these are applicable to human malaria remains to be seen. 

Cinchona Alkaloids versus Synthetic Antimalarial Drugs. 

What is going to be the effect of the introduction of these powerful synthetic 
antimalarial drugs on the cinchona alkaloids * Are these old veterans going 
to be entirely replaced by the now-comers 1 The Malaria Commission of 
the League of Nations has rightly pointed out that neither of the two groups, 
however intensive the treatment may be, is Iherwpxa vmgna slenlisans and their 
effect in preventing relapses is not marked They also have no true prophylac- 
tic action Tho synthetic drugs, according to the Commission, are not to be 
regarded as ‘ substitutes for quinine but as additional weapons for use in 
particular circumstances and for special purposes 

This, I have no doubt, is tho correct point of view. The cinchona alkaloids 
have a very low degree of toxicity and can be used with impunity in tho mass 
treatment of malaria and even self-modication by the patient without any 
danger of serious harm. The same eannot be said about the synthetic anti- 
malarial drugs They have a high degree of efficiency combined with toxicity 
and should always be used under propor medical supervision Even under 
such conditions, toxic effect^ are frequently met with. Unless further 
researches produce less toxic drugs, and I may say that efforts are being made 
in this direction — cinohona alkaloid will hold the field for treatment of malaria 
generally. 

During the last few years, it has been debated whether the cinchona 
plantations in this country should be extended. One of the arguments brought 
forward against their extension is that in view of the rapid development of 
synthetic antimalarial drugs there will be no further necessity for cinchona 
alkaloids. I personally feel no hesitation in saying that unless something 
extraordinary happens, for the next 15 to 20 years, we shall have to use the 
oinchona alkaloids in our struggle against malaria in India The cinchona 
plantations take 7 to 8 years to mature and if we wish to extend the treatment 
of malaria among the masses, which is one of the chief methods of eliminating 
this disease, it is very desirable that oinchona plantations should be extended 
till suoh time as an effeotive and harmless synthetic drug is available which 
can be u*ed for mass treatment of malaria without any special supervision. 

In Formosa large areas have been put under cinohona plantations and in 
a few years’ time Japan will be able to meet all her own requirements. In 
India large soale and economio production should be taken in hand now that in- 
formation is available regarding the species of cinchona which yield the highest 
percentage of the alkaloids and the best soil for cultivation. It may be ten 
years before India, even if she starts work at once, can hope to produce all 
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tho cinchona alkaloids her population needs, but in the meantime it should 
be possible to overhaul tho existing resources It is a health rather than a 
fiscal problem. 
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BIOCHEMICAL CHANGES IN THE BLOOD OF MONKEYS DEVELOP- 
ING MALARIAL HEMOGLOBINURIA AND THEIR SIGNI- 
FICANCE IN THE ETIOLOGY AND TREATMENT 
OF HUMAN BLACKWATER FEVER. 

By K. V. Krishnan, M.B , B.S., M R.C.P , D.B . , D Sc., and N. G. Pax, AT A., 
AU-lndia Institute of Hygiene and Public Health , Calcutta 

(Read at Symposium, August 27-28, 1937 ) 

In a large number of diseased states important biochemical changes 
are induced in the animal body and a careful study of these changes furnishes 
data of value in diagnosis and prognosis of the disease Even when one is 
dealing with a disease of unknown {etiology, a study of the blood chemistry 
sometimes affords suggestive information on the probable nature of the causa- 
tive agent and indicates the lines of treatment that might be profitably 
employed The study of the biochemical changes taking place in the blood 
of hiemoglobinunc monkeys suggested that the sudden severe haemolysis 
loading to hsemoglobmuna in human blaekwater fever may be the direct 
outcome of the biochemical alterations induced in man as a result of chronic 
malarial infection Our detailod investigations on tho biochemical changes 
taking place in the blood of hsemoglobinunc and non-hsomoglobinuric monkeys 
during tho different stages of the disease, with special reference to those chemical 
constituents that are known to be associated with the phenomenon of hcomolysis, 
such as cholosterol, inorganic and organic phosphorus and glucoso, brought out 
the fact that m the pre-hfiemoglobinunc stage the following changes are con- 
spicuous : (a) a fall in glucose and a rise in morgamo phosphorus , (6) a riso 
in cholesterol esters, and a fall in total cholesterol in a fair number of cases 
and a marked fall in free cholesterol in all cases , and (c) a rise in organic 
phosphorus Tho interpretation and significance of these variations are dis- 
cussed below. 

Fall in Glucose and Rise in Inorganic Phosphorus. 

This was a constant feature in all the haemoglobinunc monkeys studied 
The fall in blood sugar got moro pronounced as the infection in the animal 
got more intense. There are three possible ways of explaining this depletion 
of glucose : (a) that it is duo to the utilization of the sugar by the parasite ; 
( b ) that it is due to the burning up of the sugar by the body to a greater 
extent ; and (e) that it is due to an upset in the glyeogenolysis and rIbo in 
the mobilization of sugar. The faot that a rise in inorganic phosphorus is 
associated with this fall in glucose in monkeys shows that the animal is not 
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utilizing the sugar in the normal way The parasites need sugar for their 
multiplication and growth and they probably obtain this from the hexose- 
phoaphates of the red cells. The inorganic phosphorus arising out of this 
hydrolysis of the hoxose-phosphate probably accounts for the increase in this 
substance. When insulin and sugar are administered to theie monkeyH it is 
found that this rise in the inorganic phosphorus does not take place. This 
shows that the accumulation of tho inorganic phosphorus is essentially due to 
the upset in carbohydrate metabolism. The bearing of this upset on the 
haemolytic process is not clear. In hemoglobin uric monkeys it is possible to 
maintain normal levels for glucose and inorganic phosphorus through injection 
of glucose and insulin but by doing this the haemolytic process is not inhibited, 
showing that the observed changes in these constituents, whatever be their 
underlying causes, have no direct bearing on the haemolytic process. 

In human blaekwater fever, although a similar depletion of glucose haH 
not been observed, all studies indicate that a rise in inorganic phosphorus 
does oocur in a certain percentage of cases, This rise lias howevor beon ex- 
plained as being due to renal dysfunction. Even if the change was due to an 
upset in carbohydrate metabolism there is no ovidence to show that it plays 
a direct part in the hemolytic process. 

Fall in Free Cholesterol, Rise in Ester Cholesterol and Fall in 
Total Cholesterol in a certain percentage of oases 

Fall in free cholesterol was ft constant feature in all monkeys developing 
hemoglobinuria. In view of the property of froe cholesterol to inhibit htemo- 
lysis caused by saponin, eto., this observation is of particular importance. 
The constancy with which the hemoglobinuria is associated with a marked 
fall in free cholesterol suggests that tho hemolysin is probably one whose 
activity can be inhibited by cholesterol This is supported by the observations 
that in non-hemoglobinuric monkoys froe cholesterol was invariably high or 
normal. This shows that if mobilization and synthesis of free cholesterol 
kept pace with the increased production of fatty acids no hemolysis or hemo- 
globinuria would result 

The marked rise in esier cholesterol suggests that prior to the onset of 
hemoglobinuria there is an increased production of fatty acids and that these 
acids are being transported in the form of esters to the tissues. If this is correct 
then the fatty acids may be considered to bo the hemolytic agents that act 
when free cholesterol is not present in sufficient amount. Thus tho synthesis 
and mobilization of free cholesterol appear to be of greatest importance in the 
prevention of hemolysis and hemoglobinuria. . 

In human blaekwater fever all previous workers have estimated only total 
cholesterol and that too after the onset of hemoglobinuria. The results 
have therefore not only been variable but also inconclusive. We have 
in 8 cases of human blaekwater fever estimated the blood cholesterol as free 
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and ester cholesterol separately and tho results obtained arc in conformity with 
the findings in monkeys. The results suggest that in human black water fever 
the haemolytic agent is a fatty acid that acts when free t holesterol ih not present 
in sufficient amount, 

Now the question arises as to why there should ho an im leased production 
of fatty acids in malaria and in hemoglobinuria , several explanations are pos- 
sible . (1) Increase in fatty acids may ho due to the growth and multiplication 
of the parasite (2) Increase in fatty acids may lie duo to an increased demand 
for purposes of repair and regeneration of damaged tissues (3) Increase m 
fatty acids is the result of an upset in carbohydrate metabolism and fat meta- 
bolism. (4) Increase in fatty acids is due to an increased demand of the sub- 
stance for tho purpose of disposal of tho inorganic phosphorus that is accu- 
mulating and for converting this into the organic form (6) Increase in fatty 
acids may he the result of damage to tho liver There is some evident c to 
substantiate a few of these possibilities m monkeys but the evident e in favour 
of liver damage being the cause of fatty aeitl production is overwhelming 
In the case of man, whore blackwater fever is not associated with an intense 
parasitization as in tho monkey and, where there is no evidence of a deranged 
carbohydrate metabolism, tho only possible explanation is a damaged liver 
Pathologically also there is evidence to show that there is such a damage 
This damaged state of tho liver can very well account for an abnormal fatly 
acid production in human blackwater fever as well 

The next question is as to why tho synthesis ami mobilization ot free 
cholesterol should fail. Here again a study of the iwfliologv of (he liver and 
adrenals in man and monkeys has shown that tho most striking < liangc is a 
fatty degeneration and focal necrosis of the liver mid degeneration of t lie adrenal 
cortex As these two organs are recognized to bo < losely associated with 
cholesterol metabolism it can readily he understood why eholesterologenesis 
and mobilization should fail. Another possible explanation for the depletion 
of cholesterol is the associated damage to the rcticulo-endothehal system which 
is an important storehouse for cholesterol m tho body 


Rise in Organic Pjiospuorcs, 

The rise in organic phosphorus as lecithin, namely the alt ohol ether soluble 
fraction, was noted in both hanioglobinuric and non-harnioglobinuric monkeys 
towards the later stages of tho infection. Such rise in organic phosphorus 
may be explained in any of the following three ways . (1) that it is derived 
from the destroyed R.B.C , (2) that it indicates a method of disposal of the 
excess of fatty acids and inorganic phosphorus that is being produced ; and (3) 
that it indicates an upset in fat metabolism due to liver injury Of these, there 
is ample confirmation of the last explanation. As regurds human blackwater 
fever, the alcohol ether soluble phosphorus compounds, namely lecithin and 
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other allied derivatives, have not been previously estimated. In the 8 oases 
studied by us we noted a rise in this constituent as in monkeys. 

The increase in organic phosphorus raises a very important question regard- 
ing the nature of the hsemolysin involved and the role of lecithin in the 
haemolysis of blackwater fever. As this increase of organic phosphorus m 
monkeys was noted in both the haemoglobinurio and non-haemoglobinuric 
groups it looks at first sight that the increase in this constituent may have 
nothing to do with the haemolysis. But the fact that in the former the rise 
in lecithin is associated with a marked fall in free cholesterol suggests that 
the haemolysin is one that is not only inhibited by excess of free cholesterol 
but also activated by the presence of excess of lecithin. 

From the above discussion it will be seen that the phenomenon of hsomo- 
globinuna both in man and in monkeys is determined by the mannor m which 
the host reacts to the stimulus of malarial infection The production of the 
haemolytic agent, as well as the conditions that favour its action, soem to be the 
result of altered metabolism due principally to livor injury. Whatever the 
true nature of the hamolysin may be it is clear that its action is definitely 
inhibited by excess of free cholesterol. So in the treatment and prevention of 
blackwater fever we should aim at the following : (1) preventing liver injury 
or correcting the consequent alterations m fat metabolism ; (2) stimulating 
the oholesterologonetic centres in a mannor such that the synthesis and mobi- 
lisation of freo cholesterol will keep pace with the increased demand ; and (3) 
stimulating the reticulo-endothelial system so that phagocytosis and the choles- 
terol stores of the body may be maintained. Our preliminary studies show 
that all these can be accomplished to a certain extent by injections of glucose, 
ascorbic acid and oortin. 



PHARMACOLOGY OF PLASMOQUINE WITH SPECIAL REFERENCE 
TO ITS ACTION IN PREGNANCY 


By B. B. Dikshit, Uajfkme Institute, Bombay 
(Read at Symposium, August 27-28, 1937 ) 

Plasmoquine was prepared by Schulemann and his colleagues jn 1924 and 
became available for general clinical use in 1920 Soon alter its mtioduction 
into therapeutics it attracted considerable attention and a very laige number 
of papers were published ill succeeding years describing the clinical u«e of 
plasmoquine. Experimental studies on this new antimalarial drug were, how- 
ever, remarkably few and a complete account of its pharmacological action was 
lacking. The author (1936) has already roportod the principal pharmacologic ul 
actions of this important drug. The toxicity tests on dogs, cats and rabbits 
agreed with those reported by Le Heux and Wijngaarden (1929) In guinea- 
pigs the dose which killed 60 per cent of the population after oral admmistra- 
turn was found to be m the neighbourhood of 20 mg per kg The action ol the 
drug on protozoa and bactona was, however, not marked, o g. a concent ration 
as high as 1-1000 was required to inhibit tho growt.li of B. coli or B jtestis. 

The antipyretic action of plasmoquine was studied m rabbits with B 
coli fever. It was found that smaller doses of plasmoquine (3 mg per kg ) 
did not lower the temperature Toxic doses of the ordor of 10 mg per kg , 
however, reduced tho normal as well as tho fever temperature Although 
smaller doses of plasmoquine did not by themselves reduce the iovor tempera- 
ture, it was-found that in combination with quinine such doses reduced the 
temperature quicker than did qumuie alone. 

The R.B.C. count or the hsBmoglobin percentage was not affected by 
administration of therapeutic doses (1 mg. per kg ) of plasmoquine m guinea- 
pigs. The fragility of the animal as well as human R.B.Cs. was unaffected 
by comparatively larger doses of tho drug. The important action on the 
blood wai that of metheemoglobm formation and tho lowest concentration 
of plasmoquine that led to a definite formation of methamioglobin detected 
spectroscopically was about 1 in 10,000. 

The cardiovascular system was markedly affocted by this drug. Intra- 
venous injections of therapeutic doses (1 mg. per kg.) of plasmoquine produced 
a transient fall in blood pressure with rapid recovery in catH and dogs. Larger 
doses (2 mg. per kg ) produced a considerable fall in blood pressure accompanied 
by an irregularity of the heart. This irregularity was studied electrooardio- 
graphically and it was found that thB normal action of the paco-marker was 
completely upset and most of the ventricular contractions were abnormal. 
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The digestive system was also found to be considerably affected by the 
drug. Movements of the gastrointestinal tract were studied m animals with 
a gastrio fistula and were found to be inhibited by larger doses of plasmoquine. 
Similarly acute experiments m intact animals and also experiments with 
isolated gut showed that plasmoquino inhibited gastrointestinal motility. 
The important action, however, appeared to bo on the liver and m a large 
number of experiments toxic doses (16 to 20 mg. per kg.) of plasmoquino 
administered orally or hypodermically were found to produce a fatty degenera- 
tion of the liver in guinea-pigs. 

The notion of plasmoquino on the central nervous system was studied 
by introducing the drug into the cerebro-spinal fluid of the Cistoma magna 
of dogs and cats. Such administration produced a marked depression of the 
vasomotor and respiratory oentres 

The action of plasmoquine on the female reproductive organs was studied 
in detail so as to see how it would influence the course of a normal pregnancy 
The effects on the animal uteri in vivo and in vitro wore therefore studied. 
Cats, dogs, rabbits and guinea-pigs were used for the purpose and both the 
pregnant as well as the non-pregnant uteri were experimented upon On 
the isolated uterus, plasmoquine was found to produce a slight contraction of 
the uterus in low concentration such as 1 in 300,000 Higher concentrations 
of the order of 1 in 100,000 or more, however, produced the opjioHite effect, 
viz a relaxation and this was true for tho pregnant as well as the non-prognant 
uteri. 

In intact animals, the uteri of oats and rabbits were found to be more 
susceptible to tho action of plasmoquino than those of dogs In cats a dose 
of 1 rag. per kg. usually produced a slight contraction of the uterus, while m 
dogs a dose of about 1-6 to 2 mg per kg. was required to produce the Hame 
effect. Pregnant uteri of these animals responded to plasmoquine m the same 
way as did tho non-pregnant ones. Although plasmoquine contracts the iso. 
lated and tho intact uterus in low concentrations, it has the remarkablo property 
of counteracting the effects of other uterine stimulants such as quinine or pitui- 
trine. Thus, on the isolated rabbit’s uterus a 1 in 600,000 dilution of plasmo- 
qume produced a stimulant effect as did a 1 in 100,000 of quinine A combina- 
tion of tho two, however, failed to produce any demonstrable effect on tho tone 
or movements of an isolated rabbit’s uterus Similur but loss marked inhibi- 
tory action was also seen m tho intact uterus of experimental animals. 

In order to get an idea of the response of the humau uterus to plasmoquino, 
experiments were made on fresh strips of human uterus, in the same way as 
on. the animal uteri. For this purpose strips from both pregnant and non- 
pregnant human uteri wore obtained and suspended in warm oxygenated 
Locke’s solution. The response, both in the gravid and tho non-gravid uteri, 
was similar, although the gravid uterus was more sensitive to tho drug. Tho 
nature of response of the human uterus was similar to that of animal uteri, 
low concentrations causing a contraction and higher ones a relaxation of the 
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uterine muscle Those observations were reported by the author in 1937. 
As the isolated human uterus responded to plasmoquino in the same way as 
did the isolated animal uteri, the resjwmse of the intact human uterus should 
also lie similar to that of the intact animal utou The action of plasmoquino 
on tho intact animal uteri is referred to above In t hose experiments, however, 
tho animal was under the influence of a general aniesthotic Experiments were 
therefore made to see the effect, of plasmoquino on the uteiine movements 
of animals without administering any* anaesthotu Reynold's (1930) technique 
was followed for the purpose With aseptic precautions a vaginal fistula 
was made in rabbits in such a way that the two uterine ofienings wore pointing 
outside through the vaginal cuff, which was sutured to the antenor abdominal 
wall The animal was allowed to completely recover from tho operation and 
after complete recovery ft small balloon was inserted into one of the horns, 
filled with water anil connected to a Marov’s tambour Continuous tracings 
could thus lie obtained and the effects of a therapeutic course of plasmoquino, 
given over a ponod of five days or more, eould he recordod graphically Such 
experiments showed that, a single intravenous injection of a small dose (1 mg 
per kg ) of plasmoquino produced only a slight, transitory contraction of the 
uterus, while a therapeutic courso of plasmoquino (ft 5 mg per kg ) givon orally 
over a period of five days did not in any way affect the normal contractions 
of tho uterine muscle during the course of t reatment or some days after cessation 
of administration of tho drug The drug given in therapeutic doses orally, 
therefore, did not soem to modify the normal contractions of the utonno muscle. 

Finally, to seo if plasmoquino affected the normal course of pregnancy 
toxic as well as therapeutic doHes of the drug were given to pregnant, guinoa-pigs 
which were m various stages of pregnancy Toxic doses of tho order of 15 to 20 
mg. per kg. produced death of the foetus along with the death of tho mother 
The death occurred from 2 to 7 days after administration of the drug and showed 
that oven high concentrations of plasmoquino circulating into the blood did 
not produce sufficient action on the uterine muscle so as to induce an 
abortion 

The effect of therapeutic doses of plasmoquine was similarly studied in 
guinea-pigs. A dose of 0 5 mg per kg was administered orally to 12 guinea-pigs 
in various stages of pregnancy None of those showed any signs of premature 
delivery and all delivered a normal litter in due course 

Discussion. 

The experimental data given above shows that plasmoquine is liable to 
affoct most of the systems of the body especially the cardio- vascular and the 
digestive systems. The cardiac irregularities are produced by intravenous 
injection of the drug and therefore this method of administration should bo 
avoided. The liver seems to be the organ which is very often affected by 
toxic doses of the drug and it is likely that somo of the toxic symptoms seen 
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after clinical use of the drug may originate in that organ. The action on 
the reproductive system, however, appears not to be harmful and there is 
some evidence to believe that even large doses fail to interrupt the course 
of a normal pregnancy. The fact that a combination of quinine and plasmo- 
quine antagonizes the stimulant effect of each on the isolated uterus is 
interesting from a clinical point of view for such a combinat ion has proved 
useful in the treatment of malaria. 

Summary and Conclusions. 

(1) Toxicity tests on protozoa and bacteria show that plasmoquino is 
not toxic to these. 

(2) Plasmoqmne has no antipyretic action of its own, but in combination 
with quinine it lowers temperature quicker than quinine alono. 

(3) The cardiovascular system is depressed by small doses ofplasmoquine. 
Large doses produce a cardiac irregularity. 

(4) Tho gastro-intestinal motility is depressed and toxic doses produce 
a fatty degeneration of the liver. 

(5) The contractions of the isolated human or animal uterus are increased 
by low concentrations of plasmoquine and decreased by high ones. 

(6) Contractions of the intact animal uterus are not affected by adminis- 
tration of therapeutic doses of plasmoquine given over a period of five days. 

(7) Therapeutic or even toxtc doses of plasmoquine given to pregnant 
guinea-pigs do not produce a&abortion. 


Dikshit. B B , 1039. Hu:. Mai. Surv. Irulia, 6, p. 453. 

Idem, 1937 Ibid . 1, p. 77. 

Reynolds, 8. R. M., 1930. -4mer, J. Physiol., 92, p. 420. 

Le Heux, J. W., and Van Wijngaarden, C. De Lind, 1929. Arch Exp Path u Pharm., 
144, p 341 



EXPERIMENTAL STUDIES ON APE MALARIA WITH REFERENCE 

TO ITS USE IN MALARIA THERAPY" FOR NERVOUS 
CONDITIONS. 

By R. N. Chopba, Bl -Col , M A., M D , Sr D, M It (' P , K II /’ , CJ E 

/ M S , B M Das Gupta, and B Sen, B Sr , M B , School of Tropiral 
Mrdinne, Calcutta 

(Read at Symposium , Avgust 27 -23, 1937 ) 

Sinoe the successful transmission of monkey malaria to human beings 
by Knowles and Das Gupta (1032) it has boon tried by some workers in the 
treatment of nerve syphilis. 

Van Rooyon and Pile (1935) treated 12 eases of general paralysis of the 
insane. These observers noted that there existed a marked variability with 
regard to the degree of susceptibility to infection with this parasite. Although 
the majority of the individuals inoculated with the blood of infected monkevs 
were readily infected, a few showed marked refractoriness in that the infection 
failed to establish itself in these individuals This resistance was particularly 
noticeable in the case of patients who had previously received a course of benign 
tertian malaria thorapy. Those workers wero unable to assess the value of 
this mode of therapy, for their observations on these oases were very short 
But they hoped that monkey malaria might ultimately prove to lie an effective 
substitute for P invar in the treatment of G P I According to these observers 
atebnn has littlo or no effect on the reduction of temperature or destruction 
of the parasites (P krwwletn). 

To determine whether monkey malaria could be employed for malaria 
therapy in nervous cases we have mode the following inoculation experiments. 

Case. /. — This is a case of optic atrophy with a history of syphilis and 
moderately positive Was Hermann reaction. 

History of inoculations • On 3-1 -36 he was inoculated with 115 pc of 
blood showing a massive infection with P knowlem (8,240 parasites ]ier 100 
leucocytes). Temperature began to rise on the 15th day of inoculation and 
persisted for a week. Fever was of the quotidian type and varied from 102- 
104°F. Infeotion died out spontaneously. He was now examined by the 
ophthalmologist who reported that the condition of the eye was the same as 
before, but the patient felt that his eye-sight had appreciably improved 
About 9 months later he oame under our observation again It was now 
deoided to give him another course of fever. Aooordingly he was re-moculated 
with P, Imowlesi. A much bigger dose than in the previous inoculation was 
used. As the patient showed absolute resistance to P. knowkst, he was 
injected with P. vivax. Infection was readily established. After he had 9 
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rigors the patient was given a course of quinine treatment. His eyes were 
examined again, but no improvement was observed. About 6 weeks after the 
experimental infection with P vivax, he oame back with fever showing 
typical benign tertian periodicity and scanty parasites (jP, vivax) in the 
blood. It is not possible to say whether th is was a relapse or whether he 
contracted a fresh infection during his stay at Jessore, a place which is 
reputed to be a hot-bed of malaria in Bengal 

Case II — The patient was suffering from advanced optic atrophy tfith 
derangement of mental condition — restlesness alternating with depression and 
disorder of speech. Wassermann reaction was strongly positive. 

History of inoculations : On 30-1-36 he was inoculated with 0 8 c.o of 
blood from a S rhesus heavily infected with P knowlesi (4,200 parasites per 
100 leucocytes). On the 14th day of inoculation temperature started rising 
and blood showed scanty parasites in the thick films Throe days later tempera- 
ture rose to 104 6*1*'., although tho parasite count was low (529 growing tropho- 
zoites and schizonts per 1,000 leuoooytes). At this stage the patient became 
semi-oonscious with marked rigidity of the neck. So it was decided to terminate 
the fever. A dose of atebrin (0 1 gram) was given by the mouth. As the 
patient showed sensitiveness to atobrin as evidenced by nausea and yellow 
oolouration of the skin 0 5 gramme of quinine was given by intramuscular 
injection. Within 24 hours temperature came down to normal and all the 
symptoms passed off. On 4-4-30 he was re-inooulated with a large dose of 
P. knowlesi without infection resulting. On 24-9-36 he was inoculated with 
P vivax and was readily infected There was irregular pyrexia for 11 days, 
whioh subsided spontaneously Again on 11-2-37 he was inoculated with the 
blood containing a mixer! infection with P. vimx and P falciparum. After 
a short incubation period of 8 days he developed high temperature (105-2°F.), 
showing only the rings of P. falciparum. Fever was controlled with 0 2 
grammes of atebnn daily for 3 days On 12-3-37 fever recurred, associated 
with only P. vivax (almost all phases) in the blood. After 6 rigors with high 
temperature (rising up to 104°F or even more) further progress of the infection 
was checked by a full course of atebnn. There was no noticeable improvement 
in the patient’s condition. 

Case III . — Tho case is one of primary optic atrophy with negative Wasser- 
mann reaction 

History of inoculations : On 6-4-36 he was inoculated with 2 o.o. of blood 
from a 8. rhesus heavily parasitized with P. knowlesi. He started getting 
fever on 12-4-36. Parasites first appeared on 18-4-36. Temperature never 
rose above 102®F. and came down to normal on 26-4-36. No antimalarial 
treatment was given. On 1-6-36 he was inoculated with 4 o.o. of blood (1,280 
parasites per 1,000 leucocytes) from a case of benign tertian malaria. On 
1 8-6-30 scanty parasites were found in the thiok smears. There was a slight rise 
of temperature on 10-0-36. Sinoe this date he became completely afebrile. In 
March 1037, he was inoculated for the second time with 5 o.o. of blood from 
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a very heavily infected 8 rhe&us (80 per cent of the animal’s rod colls infected 
with one or more parasites). Even such a massive dose failed to produce an 
infection. 

Case IV . — The patient was suffering from mental deterioration — delusion 
of being constantly persecuted by his relatives. Wassermann reaction was 
strongly positive. 

History of inoculations : On 1-5-36 he was inoculated with a massive dose 
of P. knowlesi from a heavily infected rhesus monkey. Ho started getting 
fever on 11-5-36 and the parasites were first detected in the blood two days 
later. After the fever had continued for 10 days it was considered necessary 
to cut short the attack as the patient was much pulled down and complained 
of cardiac discomfort. Accordingly he was given a dose of 0 - 2 gramme of 
atebrin by the mouth and the temperature came down to normal within the 
next 12 hours. There was distinct amelioration of his mental condition, but 
it did not last long. Two months later, he was agam brought to one of us 
(B.M.D.) who thought that another course of febrile attack might be tried with 
benefit. So he was inoculated with 6 c.o of blood from a case of benign tertian 
malaria showing moderate infection Fever started on the 13th day of inocula- 
tion. After the patient was allowed to have 8 well-marked rigors tho infection 
was cut short by a single dose of 5 grains of quinine. Apparently not much 
benofit was derived by the patient from this course of fever. About 3 months 
later the patient came under our observation again and his relations insisted 
on giving him another course of malaria therapy. On 4-5-37 we injected him 
with the blood from a patient who was suffering from benign tertian malana, 
blood smears showing chiefly growing trophozoiteR. On the 9th day of inocula- 
tion he had high temperature and curiously enough tho blood films showed only 
rings of P. falciparum. (The specific identification of the parasite was con- 
firmed by cultural method). Next day his temperature rose to 104- 8°F. and 
he became drowsy. At this stage we checked the further progress of the infec- 
tion by a course of atebrin. 

Case V . — A healthy volunteer with no history of fever within tho past 
10 years. * 

History of inoculations : On 6-5-37 he was inoculated with 4-6 o.o. of blood 
from a monkey showing a massive infection with P. knowlesi. After an incuba- 
tion period of 9 days he started getting fever. Parasites could not, however, 
be detected on this date. Fever continued and varied from 101°F. to 104°F. 
As the infection showed no tendency to die out spontaneously it was arrested 
by a short course of atebrin. After only two doses (0*1 gramme each) the 
temperature came down to normal. The parasite count was never high, maxi- 
mum count being 320 parasites per 1,000 leucocytes. On 1-2-37 he was 
inoculated with a large dose of P. knowlesi, but there was no response. 

Case VI . — This case suffered from an attack of malignant tertian malaria 
and was treated with a full course of atebrin and plasmoquine. 
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History of inoculation • Five weeks after he had his last dose of combined 
atebrin and plasmoquine he was given a large dose of P. knowlesi. From the 
7th day of inoculation his blood films were examined daily for two weeks. 
As no evidence of infection was noticed he was again inoculated with the same 
parasite and was kept under observation for a month During this period 
he neither showed parasites m the blood nor had he any rise of temperature. 

Discussion. 

Smton and Mulligan (1933) have made a senes of observations with a 
number of strains of P. knowles i in connection with their studies in immunity 
in malaria, and noted that superinfection with a homologous strain of P. 
knowlesi m 8 rhesus failed to produce a re-infection, and if re-infection was 
produced its effects were so mild that it could only be recognised by very slight 
transient increase m the number of parasites in the animal’s blood. They 
have also shown that an infection with one Btram doeB not appear to protect 
against superinfection with a different strain of the parasite. In reviewing 
the literature on the subject of aupennfeotion in human malaria, these authors 
observe that the evidence at present available suggests that the duration of 
tolerance to re-infection is largely dependent on the continued presence of 
infecting organisms in the body. For what length of time and m what degree 
of efficiency this tolerance persists in the human subject after the infection 
has been cured has not been definitely proved. There is, however, evidence 
suggesting that in the abgence of re-infection after cure the tolerance rapidly 
diminishes. The experiments recorded above show that an infection with P, 
knowlesi probably oonfers oomplete immunity to further inoculation with the 
parasite (oases I— III). The immunity produced in man following an infection 
with P knowlesi may be regarded as true immunity and not an * infection 
immunity ’ which is associated with the presence of parasites in the body of 
the host as is supposed to be the case in human malaria. 

Van Rooyen and Pile (1935) pointed out that the individuals who previously 
reoeived a course of P. vivax malaria therapy were resistant to infection with 
P. knowlesi. This observation has also been confirmed by us (case VI), On 
the other hand a previous infection with P. knowlesi does not protect against an 
infection with human malaria ( cases I-V). Three neuro-syphilitics listed above 
were infected with P. knowlesi. Besides, they reoeived one or more attacks 
of human malaria. Apparently none seemed to derive any appreciable benefit 
from either form of malaria therapy. It is probable that the malaria suffered 
by these patients was not sufficient, although one patient ran a course of conti- 
nued fever for 10 days (P. knowlesi infection). Two months later he was again 
infected with P. vivax and the infeotion was allowed to oontinue till he had 
8 well-marked rigors (case IV). Nicol (Nicol A James, 1933) remarked that 
on analysing the cases at Horton, it was found that there was a tendency 
to better results in those oases which had more than 6-8 peaks of fever. 
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Contrary to the lindingH of Van Ucioyeii and Pile we have noticed that 
infeotion with P. knowlesi is very readily amenable to atebnn (cases IV and V). 

Summary and Conclusions. 

1. P. knowlesi seems to bo suitable for the treatment' ot aged and debi- 
litated individuals owing to the mild nature of the symptoms it produces. 

2 As Wassermann jxisitive blood is not suitable for all conditions in 
which malaria therapy is indicated, the blood of the monkey which is free from 
syphilitic infection can be safely used for the purpose 

3. An outstanding advantage is the readiness with which the monkey 
parasite can be maintained in the laboratory by passage from monkey to 
monkey. 

4. A fairly large percentage ot cases of infection with P knowletn has 
a tendency to spontaneous recovery — the parasites disappearing from the blood 
and the fever subsiding in a week or so This mildness of symptoms rendors 
P. knowlesi not quite as an effective therapeutic agent as human malaria 

5 Previous infection with human malaria produces a marked degree 
of tolerance to infection with P knowlesi Thus in localities where malaria 
is prevalent P. knowlesi does not appear suitable for therapeutic purposes. 

6 An infection with P. knowlesi does not protect against human malaria. 

7. When it is desired to give more than one course of fever to a patient, 
monkey malaria is of no uso, inasmuch as one attack with this parasite seems 
to confer absolute immunity against a homologous strain of the same parasite 

8. In human infection with P. knowlesi, like quartan malaria, the fever 
may be pretty high even when the parasites are scanty 

9. Monkey malaria in human subjects can be very easily controlled 
by atebrin and quinine. 

10. Neither form of malaria (of human or ot monkey origin) seemed to 
produce atiy significant beneficial effect on the patient’s norve conditions. 
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FORECASTING EPIDEMICS OF MALARIA. 

By R. B. Lal, M.B.B S., D.P.H., D.T.M. da H., D.B., Officiating Director, 
All-India Institute of Hygiene and Public Health, Calcutta. 

(Read at Symposium, August 27-28, 1937 ) 

The phenomenon of the occurrence of epidemics followed by periods of 
quiescence as also of the incidence of epidemic exacerbations m endemic areas 
is not peculiar to malaria. Forecasting of epidomics has exercised the minds 
of investigators for many years. Rome havo given it up as something beyond 
the possibilities of realization , others have attempted it even though they 
knew that precise results were not likely to be obtained Howevor, there is 
no gainsaying the fact that forecasting if successful is of immense value to the 
practical sanitarian in organizing his resources to meet the situation. It is of 
oqual importance to the epidemiologist who in developing a method of predic- 
tion is putting his theoretical principles to a severe tost. There are two main 
principles on which forecasts may be based. 

Method 1 . — It assumes a more or less complete knowledge of all the factors 
or at least of the chief factors concerned in the genesis of epidemics and of 
their interrelationships. Furthe 1 ", it assumes a knowledge of the trend of 
operation of these factors. If such knowledge were available it would enable 
one to calculate the result of the interaction of the various processes at any 
particular time. 

Method 2. — It accepts the position that it is not possible to unravel all 
the causes of the genesis of epidemics, but whatever the force at work may be, 
one can piake use of the recorded experience which when properly manipulated 
would admit of extrapolation and thus enable one to make a prediction of the 
future events. 

A combination of these methods may also be made use of. 

Epidemiology of malaria is a highly complex phenomenon in that here, 
besides the usual epidemiological factors concerned in the genesis of epidemics, 
we have to contend with certain special factors, namely the double life-cyclo 
of the parasite and the large number of species of mosquito — a flying insect 
which acts both as the biological host and the transmitting agent, and in 
some cases even as reservoir of infection. Ecology of the different species 
of mosquitoes varies greatly and is subject to modification m certain respects 
under loo&l conditions. It is therefore not possible to develop any method 
of forecast which may be of general application. 

We are all familiar with the method of forecast which was developed by 
Gill from his studies on malaria in the Punjab. Malaria foreoasts have been 
regularly prepared according to his method and have been made use of in that 


VOL. IV— No. 8. 


[Published June 14th, 1038. 



172 


R. B. LAI.: FORECASTING EPIDEMICS Of MALARIA. 


provinoe for over 10 years. No other province has however so for adopted 
this system. My excuse for presenting this paper is that as one who has been 
closely associated with Colonel Gill for many years and who has been responsible 
for drawing up annual malaria forecasts for a number of years, I think it is 
an ideal opportunity for inviting a discussion on the subject. Gill’s method 
of forecast is based mainly on the first of the two methods enumerated above, 
although to a oertain extent use has also been made of the second principle. 

Gill’s main thesis is that the occurrence of epidemics is the necessary 
sequence of the upsetting of balance between the quantum of infection and the 
quantum of immunity of the herd in favour of the former. 

The principal faotors concerned in the quantum theory of infection are : — 

(1) The number and distribution of gametocyte earners as also the 

intensity of their infeotion, in other words the size of the reservoir 
of infection. 

(2) The degree of herd resistance. 

(3) The number, distribution and habits of the malaria-carrying mos- 

quitoes. 

(4) Accessory faotors influencing — 

(a) the resistance of the community, 

(b) the breeding places and the extent of the life of the chief malaria- 

carrying species, 

(c) the development of the sexual cycle of the parasite in the insect, 

and 

( d ) the exposure of human beings to the bite of mosquitoes. 

Each of these items, I need hardly say, presents a chain of problems about 
many of which our knowledge is rather scanty. .Some of these problems will 
in fact form the subject-matter of discussion during this symposium and we 
hope to receive some further light on them. Howover, the point I want to 
make is this that besides the fundamental lack of exact knowledge, we have 
very limited means of collecting the necessary data in actual praotice. More- 
over Ahe geographical units for which oven these scanty data may be available 
are tin large and perhaps too heterogeneous to admit of detailed study. We 
cannot, therefore, be too critical about the results that may be achieved flora 
such investigations. We must, however, remember that mathematical studies 
by Boss and his co-workers by the method of a priori patkometry have shown 
that big ujfeets in the finely adjusted host parasite balance may be caused by 
relatively small quantitative changes m the causal faotors. Bearing these 
points in mind we could prooeed with a brief discussion of the factors actually 
made use of in Gill’s method of forecast. 

1. The spleen rate of school children taken aU over the province in the month 
of June.— For purposes of forecast this is intonded to provide an index of 
malaria experience of the community in the previous year and iB made use 
of as a measure of immunity status of the population. It may on the other 
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hand tinder certain conditions be interpreted as a measure of the rate 
of recovery, a high spleen rate indicating low resistance and vice versa. Again 
it may aho serve as an estimate of reservoir of infection. The interpretation 
of the spleen rate in the absenco of other relevant information is, therefore, 
by no means simple 

2. Rainfall . — Weekly rainfall figures are collected from a large number 
of recording stations which, though not. evenly distributed throughout the 
province, give fairly good information about the comparative strength of the 
monsoon in various parts of the province when compared with the normal. 
These figures are intended to serve aH a guide for the estimation of the breeding 
places of the mosquitoes m different parts of the province. However, for 
proper interpretation of the rainfall figures a knowledge of the lie of the land 
is necessary, because there are considerable differences in the efficiency of 
drainage m different areas and besides there are important differences in the 
nature of the soil from place to place. A rough index of tho significance of 
rainfall in relation to the incidence of malaria m different districts is provided, 
as we shall see later by the coefficient of correlation between rainfall and 
fever mortality. 

3. Economic condition . — The statements supplied by the Director of 
Land Records afford an idea of the prevailing economic conditions in different 
parts of the province. These estimations are taken into consideration m 
formulating the forecast 

4. Epidemic figure for each thana or town —This is the index of incidence 
of epidemic malaria suggested by Christophers It is calculated by dividing 
the fever mortality for October by the averago fever mortality for the months 
of April, May, Juno and July of the same year This serves as an index of 
the incidence of malaria in the locality during the previous year. The centres 
showing high epidemic figures are not expected to suffer from epidemic malaria 
in coming years. 

5. The epidemic potential factor — This is the coefficient of variation of 
malaria deaths which serves as an index of the possibilities of the occurrence of 
epidemic malaria in the district — a district with a high figure is, other things 
being equal, more liable to suffer from epidemic malaria than one with a low 
epidemic potential factor. This figure is low in areas like Kangra district, 
where malaria is endemic. 

6. The coefficient of correlation between rainfall and fever deaths for the 
month of October for the districts . — These figures are intended to help in inter, 
preting the rainfall figure. In Kangra district the coefficient is negative 
and high, but in most districts it. is positive but varies m value. 

In regard to the last three factors it will be seen that the underlying assuinp. 
tion is that the fever mortality figure for October (sometimes tho November 
or even the December figure is taken in place of the October figure if it is high) 
is a measure of deaths duo to malaria. This assumption, I think, is not based 
on sufficiently convincing evidence. At any rate, the relation of these figures 
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to the number of attacks is Tory unoertain. Moreover, for oalonlating the last 
two factors areas too big have been taken, which from local knowledge one 
oan say are far from homogeneous with respect to those factors. 

Besides these factors information about the localities affeoted by floods 
is taken into consideration. The distribution of total rainfall during the two 
months is also taken into account. If most of the rainfall has been con- 
centrated in a week or so and especially if it has been mainly confined to the 
earlier period, it is not considered significant even though excess above normal 
may be fairly high. 

Through the courtesy of Dr. M Yacob, Epidemiologist to the Punjab 
Government, I have received some of the data for the different districts of 
the Punjab which were used in the preparation of malana forecast last year 
A preliminary forecast is issued on the basis of information available by the 
end of the fourth week of August and the final and more detailed forecast is 
issued on the 15th September on the basis of full information available up to the 
end of August. Dr. Yacob’s preliminary forecast for 1930 reads as follows : — 

* 28th Avgust, 1936.’ 

‘ A study of the forecasting factors including the available rainfall data up 
to August 24th does not point to the occurrence of a severe or widespread 
epidemic of malaria in the Punjab during the ensuing autumn.’ 

' Localities in which epidemic malaria is mainly expected to occur are the 
tracts inundated by flood water from the Ravi and Beaa rivers and the Bhimbar 
and Sakki nullahs, namely parts of Sheikhupura, Gurdaspur, Lahore (including 
the environs of Lahore town), Amritsar and Gujrat districts.’ 

1 Localized epidemic foci of mild intensity are likely to develop in Rohtak 
district (Sampla and Jhajjar) ; Gurgaon district (Ferozepur Jhirka, Gurgaon 
and Ballabgarh) ; Ambala district (Ambala) ; Ludhiana district (Samrala) , 
Lahore district (JCasur) and Sialkot district (Daska).’ 

‘ The final forecast based on analysis of complete rainfall data up to 
31st August will be issued on September 15th, 1936.’ 

His final forecast was issued in the following terms : — 

‘ 15th September, 1936.' 

‘ As a result of a study of rainfall data up to August 31st, 1930, and of 
other factors concerned in the causation of epidemio malaria the following 
deductions are drawn : — 

1. No major epidemic of malaria is likely to affect the province as a 

whole during the coming autumn. 

2. Epidemio conditions are, however, likely to prevail in parts of Lahore 

(environs of Lahore town and Kasur) ; Amritsar, Sheikhupura, 
Gurdaspur (Batala and Shakargarh), and Gujrat districts. 

8, Localized epidemic foci of mild intensity are likely to develop 
in Rohtak district (Jhajjar and Sampla); Gurgaon district 
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(Ferozepur Jhirka, Gurgaon and Ballabgarh) ; Ambala district 
(Ambala, Kharar and Rupar) ; Hoshiarpur district (Una, 
Garhshankar and Hoshiarpur) ; Jullundur district (Nawanshahar) 
Ludhiana district (Samrala) ; Ferozepur district (Zira) ; Sialkot 
district (Daska) , and Rawalpindi district (Rawalpindi). 

4. Throughout other parts of the province, except in tracts flooded 
by rivers and storm water channels, autumnal malaria incidence 
is not expected to attain abnormal magnitude ’ 

The previous year's forecast is checked up every year after the epidemic 
figures have been calculated. 

The annual forecast as issued by the Epidemiologist is of considerable 
assistance to the health officers Perhaps it is possible to further improvo the 
method at present used, but the point I specially wish to emphasize ib that 
personal experience of the conditions obtaining in the province not displayed 
by theso data is an important factor in the preparation of a good forecast. 




URBAN MALARIA IN THE UNITED PROVINCES. 

By A. C Banrrjea, flat Bahadur, M R„ I)r.P //., Asst Director of Public 
Health, In charge Epidemiology and Malanology Branches , 

United Provinces, Lucknow 

{ Read at Symposium, A ugust 27-28, 1937 ) 

The problem of urban malaria is a very large one and it is not possible 
to review all its aspects in a short paper. Therefore, a bnef reference is made 
to some of the essential factors or features responsible for urban malaria in the 
United Provinces which are doubtless similar to conditions prevailing m other 
urban areas of India. 

Details of mosquitoes, malarial parasites and figures with regard to spleen 
rates, etc. have been deliberately avoided as these differ from place to place 
and are more or less of local interest. 

General Remarks 

The United Provinces is one of the major provinces of India having a 
population of about 50 millions About ono-sixth of the province m the north 
and north-west, where it is limited by the Himalayas, is hilly and the rest is 
more or less flat. The province is traversed by six large rivers, three of which, 
viz. the Ganges, the Jumna and the Sarda, are important with reference to 
malaria. About half of the province comprised in the so-called Indo-Gangetic 
plain lies in the basins of the rivers and most of the cities and urban aroas are 
situated in this portion 

The aVerage rainfall of the provinco as a whole is about 4b", most of which 
is derived during the period of the south-west monsoon, l.o. from June to 
September. The amount of precipitation in the different parts of the province 
varies from 20' to 80* m the year. 

As m other parts of India, the population of the provinco is laigely rural. 
The urban population comprises only about 10% of the total population and 
is largolymoneentrated in about 75 to 80 cities Except the city of Cawnpore, 
there are practically no othor big industrial concerns m the urban areas. 

Housing Conditions 

The more well-to-do and the upper middle classes in the urban areas reside 
in buildings generally satisfying sanitary requirements But a large section 
of the population living in the outskirts of the urban areas Htill live in primitive 
oonditions in bad types of houses or in huts. The centre of a town is usually 
less malarious than its periphery. 
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Watxr Supply and Drainage. 

The large cities possess a protected water supply for drinking and domestio 
purposes, which is derived usually from the rivers or from deep tube*wells. 
In the case of small towns and notified areas, the water supply is chiefly from 
the wells, The drainage condition, except in highly developed urban areas, 
is usually defective and has not kept pace with the growth of the towns. 

Vital Statistics. 

The crude death-rate per mille is about 25 for the whole province, while 
that for the towns is about 33. The birth-rate for the province is 30 and 
for the towns 46 The malarial death-rate for the whole province is about 14, 
while for the towns it is about 6. The percentage of malarial deaths to total 
deaths in the whole province is about 70. These figures, as you all know, are 
not very accurate but they certainly indicate that a large percentage of deaths 
is attributable to malaria 


Urban Malaria 

Urban malaria may be broadly dividod into two groups as follows . 
(1) Natural Causes, and (2) Man-made. 

1 . Natural Cause* . — (a) This may be due to urban areas growing in the 
midst of a malarious zone where meteorological and other conditions are favour- 
able for the propagation of malaria. This type of malaria is chiefly noticeable 
m the cities of the Tarai or the foothill regions which are surrounded by 
extensive forests and where the rainfall is heavy, viz. Pilibhit, Haldwani, 
Bareilly and some other towns. 

(6) Another natural cause for malaria may be due to the drying up of the 
rivers on which oities are situated or due to changes in the courses of rivers. 
An example of this is the town of Moradabad. A portion of the town of 
Moradabad bordering on the river Ram Ganga became highly malarious, due to 
the river changing its course, leaving behind a shallow stagnant stream breed- 
ing A. culicifacies profusely. The solution of this problem was providential 
as, after a certain number of years, the river returned to its original bed with 
the result that malaria has practically disappeared now. There are similar 
examples in other places where towns have become very malarious owing to 
either the drying up of rivers or changes in the courses of rivers. 

(c) Periodical outbreaks of malaria due to excessive rainfall and flooding. 

2. Man-made Malaria : — (a) Malaria due to proximity to irrigation 
canals and raising of wet crops, viz sugarcane and rice cultivation. 

(6) Malaria due to defective railway systems by blocking up natural 
drainage or by creating borrow- pits, excavations, etc., which become formidable 
sources of mosquito breeding. The railway areas of Moradabad, Moghul Sarai, 
Laksar, Dhampur, etc. are examples of this. 
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(c) Milaria dua to ill-planned cities in which the city grows haphazardly 
leaving behind excavations, borrow-pits, tanks, etc. without any drainage 
system. 

{d) Malaria duo to breeding in wells. This chiefly happens when wells 
which were once in frequent use are given up due to the introduction of pipe- 
water supply. A . atephenst, a very efficient malaria carrier, finds a very suitable 
breeding ground in these wells. This has happened in Delhi, Lucknow and 
Kosi Kalan (a small town near Delhi) and other places. 

(e) Malaria due to proximity to big lime and brick kilns and excavations. 
This type of malana is chiefly found in the outskirts of towns where the poor 
population mostly live under insanitary housing conditions close to the breedmg 
grounds. 

(/) Malaria due to lack of co-ordination between different bodies resjKm- 
sible for urban sanitation in a particular area, viz Municipal Board, District 
Board, Cantonment and Railway area, the notified area. Improvement Trust, 
etc. In Buoh cases what happens is that each department or committee only 
takes measures in respect of the area under its control without any regard to 
its neighbouring or immediate area outside its control. It frequently happens 
that Improvement Trust, Railway or the Cantonments, while improving their 
own areas, let the drainage of that area flow without any regard into the 
Municipal or District Board areas. 

(g) Malaria may bo due to domestio causes. This is chiofly due to breedmg 
in house cellars, chaubachas, garden fountain, garden ' liauzes ’, broken tins 
and reoeptacles, and for this the primary responsibility rests on tho house-owners 
themselves. This is the type of malaria which iB least noticed by any 
community. 

(h) Malaria due to ill-developed industrial centros in urban areas. Big 
mills like sugarcano crushing mills are now cropping up in different parts of the 
province in proximity to urban areas, and in this connection there is a largo 
wastage of water, which flows mto the surrounding low-lying areas and gives 
rise to mosquito breeding and consequent malaria. 

(») Malaria due to aggregation of labour in urban areas in connection with 
big engineering projects, viz. canals, roads, railways, etc. 

* General. 

The urban malaria in the United Provinces is generally of an endenne 
nature and regional epidemics of malaria which occur in the Punjab periodically 
are practically unknown. (In the year 1908 some of the western towns of the 
United Provinces suffered heavily from malaria which was more or less a 
prolongation of the fulminant epidemic of malaria in the Punjab, and again 
in the summer of 1929 an epidemic of malaria oocurred in the city of Lucknow 
due to the sudden breeding of A, culkifaciea in the Gumti river and A. Stephens i 
in the wells all over the town.) There is, however, the usual rise of spring 
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malaria in the endemic cities from March to May when the most prevalent 
species of parasite is P. vwax. During the autumn months from September 
to November there is a more marked rise in malaria when P. falciparum is 
the predominant species. The distribution of quartan parasites is strictly 
limited. The principal anophehne mosquitoes found in urban areas are : 
A. cultcifacies, A . annularis , A . pallidus, A splendidus, A. barbirostris, A ftuvia - 
tilis and A. subptctus. Of these A. culicifactes, which principally breeds in 
irrigation channels, nver edges, kuchha drams, borrow-pits and tanks, and 
A. stephenst, which chiefly breeds in wells, aro the mosquitoes which have been 
frequently reported as responsible for transmission of malaria m urban 
areas. 

It may be interesting to note that considerable improvements have been 
o fleeted in certain towns as a result of antimalanal measures, viz, by stopping 
irrigation, sugarcane and rice cultivation within a 1 mile radius of the out- 
skirts of the municipality. The spleen rate of Naharanpur has fallen from 
79% to about 10%. In Moradabad by improvement of drainage and filling 
borrow-pits the spleen rate has been reduced from 46% to 6’6%. In Nagina 
by stopping extensive irrigation and draining tanks and filling excavations 
and borrow-pits, the spleen rate has fallen from 78 to 16%. In this connection 
it is necessary to stress that malaria investigations and remedial measures 
should not only be confined to the limits of the urban areas but to an area at 
least within a mile all round it, so that all the breeding grounds are suitably 
dealt with as mosquitoes do not respeot territorial boundaries. It cannot 
also be too forcibly impressed that the prevalence of malaria m urban areas 
to a very large extent is determined by the activities of man, and in many cases 
is due to a deliberate neglect of elementary sanitary precautions and provi. 
sions in town planning or by over-irrigation or increased distribution of water 
in particular localities. 

Urban malaria in most oases is essentially a problem of sound sanitation 
and oan be reduoed in most towns and oities m India by oo-ordination of activi- 
ties between different departments concerned for urban sanitation with the 
oo-operation of the public. Suitable antimalanal bye-laws should be made 
which should be vigorously enforced to achieve any result. If any campaign 
against malaria in urban areas is to be popular, it must be remembered that 
the aim, although primarily it should include measures specifically against 
anophehne mosquitoes, should, however, also include measures against other 
mosquitoes so that people may immediately appreciate the benefits of an anti- 
' mosquito campaign and thus help in financing the schemes. Further, as funds 
permit permanent measures should be carried out to reduoe the recurring oost on 
antimalanal measures. 



TOPOGRAPHY OF LAND IN RELATION TO MALARIA. 

By M O. T Iyengar, B A , F Z .S’ , ¥ R ST M d> H , Entomologist, 
Bengal Public Health Department 

(Bead at Symposium, August 27-28, 1937 ) 

Many species of Anopheles are specialised m regard to their breeding 
habitats and are adapted to breed in certain types of breeding places The 
distribution would, therefore, be determined by the availability ol the type 
of breeding place suitable for the particular aperies Consequently, m a country 
with different topographical regions, the anopheline fauna shows considerable 
variation The spocies responsible for the transmission of malaria would also 
differ in the respective regions and the problems connected with the control 
of malaria would, t herefore, differ with the areas concerned 

The province of Bengal, wine h extends from the Himalayas to the sea, 
includes different types of country : the mountains, the foot-hill region, the 
dry undulating area, the deltaic area and the mangrove area. Barring certain 
species such as Anopheles subpictus, A vagus, A annularis, A barbirostns and 
A. hyreanus, which are more or less widely distributed, the other species 
have a restricted distribution 

Mountainous area. 

The mountainous areas afford little opportunities for mosquito breeding , 
the iiature of the country is such that with the exception of ruin pools, small 
streams and seejwgos, there are few breeding places. The characteristic 
anophelincs of this region are A. gtgas, A. lindesayi, A ailkem, A willmon 
and A. annandalei. Other species, such as A maculatus and A minimus 
found commonly in the foot-hill region lower down, are also occasionally met 
with. There is very little malaria in the hills because, besides the lack of 
extensive breeding grounds for Anopheles and the sparsenoss of the sjwcies 
capable- jif transmitting malaria, the weather conditions, which arc temperate, 
are adverse for the extensive incidence of malarial infection and lor the trans- 
mission of the infection. 

Sub-montane region. 

In contrast with tho mountainous region, the foot-hill area has a rich 
anopheline fauna and a high incidence of mosquitoes. Numerous seepages 
and streams occur in this area which flow continuously for nearly six months 
in the year. They are fed by the subsoil water in the hills higher up which 
escapes as seepages and springs in the sub-montane region. These streams 
form the chief breeding places of tho Anophelines in this region which breed 
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chiefly in running water. The species of Anopheles occurring in this area are A . 
minimus, A. maculatus, A. aitkent, A. tnsulaefiorum, A. annandalei, A . kochi, 
A. leueosphyrus, A. majidi, A.jamesi and A. lcarwari. In addition to these, 
which are characteristic of this region, we have several other species such as 
A. splendidus, A tessellatus, A. ctdictfacies and A. theobaldt which are found in 
the lower regions as well. 

This area was at one time extensively covered with a dense tropical rain 
forest. It has since been cleared of the forest and the land is mostly under 
tea cultivation. The land is very suitable for tea cultivation as there is a heavy 
rainfall, the drainage is rapid and the soil is fertile. The high-lying lands are 
planted with tea while the low-lying marshy areas are cultivated for rice. 

The conditions here are favourable for a high incidence of malaria. There 
occurs an intensive breeding, during the wet season, of species which are highly 
susoeptible to malarial infection in addition to conditions in the human popula- 
tion which are associated with what is known as ‘ tropical aggregation of 
labour.' 

The clearing of the forest in this region brings about a marked change in 
the anopheline fauna. In dense forests the species found breeding are 
A. aitkeni, A. insulae florum, A. barbtrostris and A. leueosphyrus , when the forest 
is cleared, these species are replaced by species like A. maculatus and A. 
minimus which often breed in enormous numbers. These observations suggest 
that the clearing of the forest brings about a suppression of the forest species, 
which are not concerned with the transmission of malaria, and offers facilities 
for the output of harmful species of Anopheles 

Dky Pastubal bbgion. 

In this region the rainfall is low. The area is generally undulating with 
a soil composed of laterite or a mixture of clay and sand. It is traversed by 
small streams which are dry during summer. There are vast stretches of 
barren land covered with scrub jungle, dwarfed trees and grassy wastes 

The anopheline fauna of this region is different from that of the submontane 
region. A . eulicifacies is the predominant species ; others such as A . theobaldt, 
A. Itstoni, A. pallidvs, A, stephensi and A. splendtdus are characteristic of 
this region. Wells, which are frequently the souroe of water supply in this 
region, breed several specieB of Anopheles, e.g., A. flvviatUis, A. varum, 
A. eulicifacies and, less frequently, A stephensi. 

This region has little malaria. The ocourrenoe of malaria is localised 
in a few areas where greater opportunities are offered for Anopheles breeding. 
Such conditions are produced in different ways. Streams are frequently 
impounded for irrigation and for water supply. The sides of hills and beds 
of streams are converted into terraced rioe fields. Wells are sunk for water 
supply. Another factor is the subsidence of land in oolliery districts and the 
interference with the natural drainage. All these factors offer increased 
fadlitise for Anopheles breeding and thus increase the incidence of malaria. 
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In this region, areas with a high subsoil water show a higher incidence 
of malaria than areas with a lower subsoil water level This, as will be seen 
later, is contrary to what happens m deltaic areas The years with a heavy 
rainfall have a comparatively higher malaria incidence than years with a low 
rainfall. In this point also, these dry areas differed from the deltaic areas 
where the contrary was found to prevail 

Deltaic region 

This region is the delta formed by the two rivers, the Ganges and the 
Brahmaputra. It is now traversed by the beds of successive channels mto 
which the Ganges distributed itself from time to time Owing to various 
causes, many of the channels in the western section of this region have gone 
into decay while those in the eastern section are alive The latter area is 
subject to extensive flooding during the rainy season while the western 
section is not subject to such flooding The mam causes for the decay of the 
channels in the western part of the delta appear to be (1) the silting up of the 
heads of these channels, (2) obstruction to the overflow of spill water from the 
rivers by the construction of embankments, and (3) the attempts to keep 
the rivers to a particular course by the construction of high banks The 
western region, where the distributaries of the River Ganges are in a 
moribund condition, has highly endemic malaria while, on the other hand, 
the eastern section is practically free from malaria. 

We find also that in the doltaio region areas with a high subsoil water 
level have little or no malaria while those with a low subsoil water level are 
intensely malarious Contrary to what has been observed with regard to the 
pastural zone, years with heavy rainfall are characterised by a low incidence of 
malaria while those with a low rainfall have a high malarial incidence 

The species of Anopheles found in this area are A stephensi, A pallidus, 
A. philipptnensis, A cuhcifacies, A. varuna, A pseudojamesi, A tessellalus 
and A. theobaldi. Species like A stephensi, A cuhcifacies, A pallidus and A. 
philipptnensis are characteristic of the drier parts of the region A. stephensi 
breeds in wells m the dry areas. 

Estuarine region 

Thiiregion is situated on the sea board and consists of a mangrove area 
subject to flooding by saline tides This region was at one time completely 
covered with dense mangrove forests but now a large part of it has been cloared 
of forests and the islands embanked all round to prevent the ingress of saline 
tides. In areas where such clearing and embanking have not been earned out 
anophelines do not breed, while in the cleared and embanked areas A . sundaicus 
is very common and causes a high incidence of malaria. 

This species of Anopheles , although quite characteristic of the mangrove 
area, has in recent years been observed to invado the interior of the delta. 
This is evidently due to changes occurring in these areas, and also to facilities 
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offered in the transport of mosquitoes by boats from the estuarine area into 
the interior along the river routes. 

Conclusions. 

We have seen how in different parts of Bengal the anopheline fauna varies 
considerably. Although we have a few species which are found all over Bengal, 
several speoies have a restricted distribution. This is largely due to the selec- 
tive habitats of the different species. 

These studies also bring out the interesting fact that in several of the 
regions of Bengal the operations of man are largely responsible for the increased 
facilities for the breeding of the harmful species of Anopheles. In the virgin 
state, it is probable that the incidence of malaria was comparatively low 
In many of the regions, the high incidence of malaria is largely the result of 
human operations. The occurrence of malaria in the sub-montane regions is 
probably largely due to the extensive forest clearance operations for the purpose 
of tea and rice cultivation. The clearance of the forests have eliminated the 
harmless species of Anopheles and have offered facilities for the intensive breed- 
ing of the harmful species. In the pastural region with little or no malaria, the 
localised foci are the results of attempts to alter the natural conditions, as for 
example, creating terraced plots for rice cultivation, colliery operations, 
impounding of rivers and the digging of wells for water supply. In the deltaic 
area, the oonstruotion of embankments to prevent the flooding of the land by 
rivers in flood or by the tides largely contribute to the establishment of endemic 
conditions. In the estuarine area, the clearing of the forests and the prevention 
of the tidal flushing are responsible for the establishment of malarial enderaicity 
through intensive breeding of A. ludlowi. In most of the cases these results 
are due to interference with natural conditions without due precautions being 
taken against the natural consequences of such interference. 



IRRIGATION AND MALARIA 1 


By W. C Sweet, M D., Dr P H. 

(Bead at Symposium, August 27-28, 1937 ) 

Irrigation and malaria have been related terms ever since the health 
of the people became a subject of governmental and scientific interest and 
much has been written about it by a long series of eminent, malanologists. 
In a meeting such as this, a review of these previous findings and theories is 
not necessary so this short paper will concern itself only with those aspects 
most familiar to the writer, of this broad question of fundamental importance 
to the future of India 

In Mysore irrigation is employed extensively over the greater part of the 
State on what may be classed as three varying plans First, minor irrigations 
of small acreage under tanks depending on a capricious rainfall for their water 
supply , second, larger irrigation projects from groater tanks which seldom or 
never go dry and distribute water through a fairly extonsivo system of larger 
or smaller canals ; third, extensive river irrigations covering a large acreage, 
with a perennial water supply distributed by large main canals and miles of 
subsidiary channels. The first type is usually only mildly malarious if at all, 
the second frequently malarious, and the third invariably malarious Probably 
the best way to demonstrate these differences is to give a series of spleen 
indexes m areas representative of the various types of irrigation (vide Table 1). 

In certain representative areas of Mysore, in which the source of any 
malana can be quite definitely limited to one set of conditions, spleen indexes 
as related to small irrigations vary from 6*3 to 13-2 per cent, whereas in 
areas with extensive tank irrigations the indexes vary from 11*8 to 89 4 
per cent. The riverine systems of irrigation all show high splenic indexes and 
this is true whether the system is an ancient one, as that around Nagenhalli, 
more modern as in Hinyur (Sweet, 1933), or entirely new. There seems no 
natural tendenoy for malaria to die out in these riverine systems and, in 
Mysore, the disease appears as an epidemic immediately after the irrigation 
water is turned on in new systems. An instance of the epidemic and the 
endemic malaria conditions produced by new irrigation projects was offered 
by the Irwin Canal project in the Mandya Area of Mysore. 

For some years the Public Works Department of Mysore was occupied in 
building a dam across the Cauvery River near Mysore City, from whioh the 


1 The work here reported wee done under the auspioee of the Department of Health, 
Government of Mysore, and The International Health Division of the Rockefeller 
Foundation. 
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Table 1 


Spleen Indexes in Children m Areas of Mysore State Representative of Various 
Types of Irrigation. 


Ares, 

Small Irrigation 
under Tanks. 

Largo Irrigation 
under Big Tanks 

Riverine 

Irrigation 

Tumkur District — 

Oubbi Area 

Thavarakere 

Kunigal 

5*3 

64 8 

11 8 


Chitaldrug District — 

Chellakere Area 

Jagalur Area 

Hiriyur 

13 2 

06 


69 9 

Kadur District — 

Sakrepatna Area 


67 0 


Mysore District — 

Mandya Area 

Yedadore Area 

Charoarajnagar Area 
Senngapatam 

04 

6-4 


31 8 

66 3 

Hhimoga District — 

Sulekere Area 


89 4 


Hassan District- ■ 
Gorur-Arkalgud Area 



57 9 


Irwin Canal was to take water to irrigate some 120,000 acres in the Mandya 
Area The main canal and three of its branches were completed in 1932 and 
in June of that year some 60,000 acres received their first supply of water 
This area had been a comparatively dry ono with numerous village tanks 
under which small irrigated areas existed without producing much malana, 
the average spleen index of 33 of these villages being in the neighbourhood of 
9-4 per cent before the new irrigation began. 

Following the usual methods of irrigation engineers, water was supplied 
in exoess and no provision had been made for drainage so that by the end 
of the year complaints of malaria began and in 1933 there prevailed an extensive 
epidemic. Admittedly the reporting of deaths in such rural areas is inaccurate 
but the reports reoeived and filed are of interest m showing the results of this 
new experiment in irrigation. Table 2 gives the numbers of deaths in three 
rural areas in which the great majority of the villages were included in the 
irrigated acreage and in one area in which less than five per cent of the villages 
were so situated. 
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Tablk 2 

Number s of Reported Deaths by Years tn Four Rural Areas of Mysore as Related 
to Rtvermc Irrigation l 


Area 

1930 

1931 

1932 

1933 

1034 

1935 

Kasaba Hobli — 

95% of villages within irrigated 

122 

118 

280 

209 

271 

378 

Duddtt and Kothathi Hoblis — 
60% of villages within the | 
irrigated area 

268 

256 

375 

379 

487 

308 

Basaral Hobli — 

Less than 0% of villages 
within irrigated area 

96 

99 

90 

90 

110 

67 


Death-rates were not figured for these aroas due to the great inaccuraey of 
tho reporting and it would not be wise to compare ono area to another too 
closely, but the general trend of events is woll demonstrated by the reports 
In the Hoblis in which most of tho villages were in the irrigated area, tho number 
of reported deaths increased markedly m 1932 to roach a peak m 1933 or 1934, 
whereas in the adjacent Hobli in which the groat majority of villages were not 
affected by the irrigation tho numbers of reported deaths were fairly constant 
throughout. 

The spleen indexes of the 33 villages previously mentioned bear out the 
picture presented by the reported deaths in that whereas the spleon index 
averaged 9 4 per cent before irrigation, it was 52*7 per eont in 1933 and 1934 
and, m four of the villages which have boon studied more thoroughly, was 
still at 31-7 per cent in April, 1937 That the original epidemic has setlled 
down into what promises to be a permanent endemic condition would seem to 
be confirmed by this spleen index and the corresponding parasite index of 
17‘1 per cent m October, 1930 

To round out the picture it may be mentioned that blood films showed 
a great preponderance of Plasmodium vivax and that A . culicifacies was the 
only anopheline found carrying, 3-2 per cent of this species showing infection 
(Nursing, Rao and Sweet, 1934). 


Discussion. 

Represented in Mysore, then, aro three types of irrigation tracts, one of 
which is mildly malarious, another more heavily so, and the third invariably 
heavily malarious, the latter riverine type showing not only an initial epidemic 


1 Irrigation water first turned on in June, 1932. 
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but also a later endemio condition in which there is no natural tendency to 
diminish even in systems well over a century old. Considering these three 
types there would seem to be three points which may explain the differences 
in the malarial conditions found to exist in association with them, These 
are (1) the length of main and subsidiary channel ; (2) the amount of water 
used ; (3) the season of the year in which water is available. 

The riverine type of irrigation is characterized by miles of main and 
subsidiary channels, a feature which never is found in small, village irrigations 
under tanks, and may or may not be present in the larger tank irrigations. 
Not only is this dangerous in itself (in plaoes where A. culicifaciea and membera 
of the A fiuviaiilis group are the carriers), but the malanologist is also con- 
cerned with the numerous seepages and overflows from these channels. His 
problem in this connection is to find some method of preventing the inevitable 
breeding of the dangerous species in channels and to deal adequately with the 
seepages. 

A striking difference between these three types of irrigation systems is 
in the amount of water available for use. In the smaller type water is scarce 
and treated with great respect, whereas in the larger tank system, not so 
subject to failure due to one bad season, it is more abundant and is found to 
be wasted to a greater extent. The larger riverine system, however, is pre- 
eminent in this respect and apparently no attention whatever is paid to con- 
servation or proper use of water in such areas. Water flows continuously in 
a tremendous over-supply and is found all over the area, very frequently 
running to waste completely due to the various farming requirements of the 
cultivators on the branch channel. It seems possible that in this question of 
the use and waste of water may be a key to the solution of the question of 
malaria control in irrigated areas. There are always objections to the strict 
regimentation of the population and the extensive changes in agricultural 
customs which proper control of water would entail, but in the face of the 
history of the larger irrigation systems of India there would seem to be no need 
to hesitate in applying a test of the value of the method, not only for its pos- 
sibilities in controlling malaria but also in its value to agricultural and monetary 
returns. Where water is so scarce and valuable as it is in India all interests, 
including those of the malariologist, would seem to call for its strict conservation. 

The third point mentioned, that of the season of the year in whioh water 
is available is one whioh requires more study but in Mysore there would seem 
to be a quite direot relation between this factor and malaria. Where water 
is available only during the last six months of the year and all channels and 
fields ape completely dry during the first six months there would seem to be a 
good chanoe to escape malaria. The emphasis here must be on the ‘ com- 
pletely dry ’ as in systems in whioh water is turned into the main ohannels at 
intervals during the dry season, as in those in which water is available for 
cultivation throughout the year, malaria is a great problem. There is still 
not sufficient known in the tropics about malaria transmission seasons and 
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much further study is required by the malariologist before a definite statement 
can be made. However, it must be remembered that over great stretches 
of India (the parts most likely to be extensively irrigated), the presence of 
water in the usually hot and extremely dry season might completely roverse 
the aooepted picture of malaria transmission. 

The subjeot cannot be left without mention of drainage, a point in which 
all irrigation systems are equally lacking. When drainage is suggested the 
invariable answer is on the score of expense but not providing for the removal 
of water supplied not only results in lowered financial returns but also in 
malaria and from both standpoints drainage would seem justified. Just why 
an extensive irrigation system should be expected to rejiay its capital cost m 
a minimum number of years (at the expense of the efficiency of its operation 
and the health of its people), and m addition give Government a handsome 
return on its money, is one of those mysteries which ordinary mortals may not 
fathom. 

In conclusion it is of interest to note the existence of a central board for 
research in irrigation problems of which apparently malaria is not considered 
to be one for, as far as the writer knows, no malariologist is on this board and 
malaria enters into its research programme only in a most remote way. 

Summary. 

There are three types of irrigation systems in Mysore State. One involves 
a small area under a local tank and is usually not malarious ; a second covers 
a larger area under a bigger, more permanent tank and is frequently malarious, 
while the third is an extensive riverine system which is invariably malarious 
This riverine system not only produces an initial epidemic of malaria, as was 
demonstrated by a history of events following the opening of the Irwin Canal 
system in June, 1932, but also is heavily endemic even after over a century of 
existence." The three types of irrigation seem to differ in (1) tho length of 
main and subsidiary channels ; (2) the amount of water used , (3) the season 
of the year in which water is available. In these three differences possibilities 
for the control of malaria exist, special emphasis being laid on the strict control 
of the amount of water supplied and its use Lack of drainage remains as a 
defect common to all types but, due to oxpense, it does not seem likely that 
this aspect of the prevention and control of malaria in new and existing irrigation 
systems will receive the attention it deserves until the profit motive is largely 
removed from consideration. 
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SPLEEN AND RESISTANCE TO MALARIA AND HEMOGLOBINURIA. 


By K V. Krishnan, M B., B 3., M.R C P , D B., D 3c , Professor of Malaria- 
logy, All-India Institute of Hygiene and Public Health, Calcutta 

( Read at Symposium, August 27-28, 1937 ) 

The importance of the spleen in the defence mechanism ot the body ngamst. 
infections has been fairly extensively studied The mass of evidence that has 
accumulated shows that m certain infectious diseases the importance of the 
spleon in resistance is unquestionable whilo in others it is not quite so 
pronounced. As regards malaria, although it has long been suspected that 
the spleen probably plays an important part in resistance to the disease, 
its exact role was not clearly worked out till recontly Within tho last five 
years, investigations were conducted on the role of the spleen in resistance 
to P knowlesi infection in monkeys chiefly through splenectomy, which is a 
recognized method of experimental study In order to understand the signi- 
ficance of the results corroctly and for purposes of comparison the effect of 
splonoctomy on the course of L. donovant infection in monkeys and mice was 
also studied Tho results showed that, whilo splenectomy in monkeys intensi- 
fies markedly the course of P knowlesi infection and destroys completely both 
natural and acquired resistance, it has little or no influence on the course of 
leishmania infection in monkeys or mice The following is a brief summary 
of tho results obtained 

The Effect of Splenectomy on the Natubal Immunity of Different 
Species of Monkeys to Homolooous Strains of Plasmodium. 

Tho course of P knowlesi infection varies greatly in different species of 
monkeys. Ordinarily in Silenvs rhesus it. causes an acute fatal infection, 
while in S irvs and 3 radmtus it produces a low grade, non-fatul infection 
In splenectomized animals these differences due to natural species immunity 
completely vanishes , all three species suffer alike from acute and rapidly 
fatal infections. 

Effect of Splenectomy on the Natural Immunity of Difkerent 

Species of Monkeys to Heterologous Strains of Plasmodium. 

The host parasite specificity in plasmodium infections is recognized to be 
fairly rigid and cross infection experiments havo generally given negative 
results. For example, attempts to infect monkeys with the human plasmo- 
dium or vice versa (except m a few instances) have mostly been unsuccessful. 
Therefore attempts were made to find out if this natural resistance of monkeys 
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to heterologous strains of plasmodium could also be broken down by splenec- 
tomy. Although seven monkeys were experimented upon (4 rhesus, 2 irus, 
and 1 radiatus) and two species of malarial paraates (P. falciparum and P. 
vivax) wore used, none of the animals could be infeoted even by repeated massive 
doses of infection. This shows that the natural resistance of monkeys to the 
human plasmodium is not influenced by splenectomy. 

Effect of Splenectomy on Latency. 

The usual history of monkeys after infection with P. bnowlesi and treatment 
is as follows. The acute primary attack gets oured in about a week and the 
parasites disappear from the peripheral blood, for a time. Then, for a period 
of about 4 to 8 weeks, relapses occur to be followed by a long period of latency 
extending over several months. If splenectomy is done during the latent 
period of infeotion, a severe relapse follows. 8pleneotomy Booms to be the best 
method for inducing a relapse in monkeys in which the infection is latent. 
Out of 42 monkeys splenectomized during latency 34 relapsed and 8 did not. 
In the latter, the presumption is that there was no residual infeotion. The 
correctness of this supposition was proved by the fact that every one of the 
8 monkeys on being given a small dose of P. bnowlesi developed a severe fatal 
infection. 

Effect of Splenectomy on Acquired Immunity. 

It is generally found that monkeyB that had once been infected and treated 
exhibit a oertain degree of acquired immunity to re-infeotion . In some animals 
this immunity is so great that they cannot be re-infected at all even after 
repeated massive doses of infection. After the completion of our studies on 
immunity, there were 11 monkeys that had acquired complete refractoriness to 
re-Infection. Extirpation of the spleens of these immune monkeys resulted in 
the disappearance of this acquired immunity in all cases. Some of them showed 
a relapse and the others were proved to be susceptible to re-infection. In the 
above experiment it is interesting to note that all the rhesus monkeys proved 
to have acquired immunity, relapsed without exception, showing that in the sus- 
ceptible species the primary infection does not get completely cured and that 
acquired immunity is associated with the presence of a residual focus of infection, 
whereas in the resistant Bpecies (irus and radiatus) the infeotion, in about 60 per 
cent of oases, gets completely cured and even in the absence of a residual 
focus of infection a high degree of acquired immunity may be present. 

The Effect of Splenectomy on Specific Treatment. 

Studies on the value of quinine in the treatment of malaria in splenec- 
tomized and non-splenectomized monkeys showed that in splenectomized 
animals (a) larger amounts of quinine were required to cause complete 
disappearance of all parasites from the peripheral blood, (b) the drug had to 
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be administered for a much longer period, (c) the cure rate was distinctly less, 
and ( d ) the death-rate was markedly higher than m non-splenectomized 
monkeys. Commencing treatment of primary attack when parasite rate was 
10%, 1 gr. of quinine by injection and 4 grs. by mouth per day for 7 days were 
enough to make all parasites disappear from the peripheral blood in over 80% 
of non-spleneotomized animals. The same treatment in splenectomizod animals 
wag able to cause the disappearance of all parasites m 40 per cent of the animals 
only ; but by continuing the treatment for 2 weeks the percentage could be 
raised to 60 

In the case of irus and radiatus complete sterilization could be effected 
in over 60% of the non-splenectomized monkeys through efficient treatment 
with quinine only, whereas in spleneetomized animals only 16% could be 
completely sterilized ; others showed a latent infection for a considerable 
period of time. The death-rate in the treated senes for spleneetomized rhesus 
varied from 20 to 30 per cent, whereas in the non-splenectomized group it was 
invariably less than 10 per cent 

The Effect of Splenectomy on the Incidence of Hemoglobinuria. 

Several workers have recorded that haemoglobinuna occurs as a compli- 
cation of P knmvlesi infection in 8 rhesus monkeys in about 30 to 60% of cases 
and that it does not occur at all in 8. irus or 8 radiatus. It was found that 
when the animals are spleneetomized prior to infection with P knowlesi the 
incidence of hsemoglobinuria is greatly increased In 90 to 100% of splenec- 
tomized rhesus and in about 30 to 60% of spleneetomized irus and radiatus 
hsemoglobinuria is met with. This stresses tho importance of the spleen in 
hemoglobinuria of monkeys. 

The Effect of Splenectomy on the Course of Leishmania 
Infection. 

The effect of splenectomy on the course of leishmania infection was studied 
both in mice and in monkeys Tho normal picture of experimental infection 
in mice is as follows : — 

$ c.c. of a standardized dose of infective material produces m 6 weeks 
heavy infection in about 20 to 30%, moderate infection m 20 to 30%, mild in- 
fection in 20 to 30%, and no demonstrable infection in 10 to 20% Splenectomy 
before or after infection did not alter this pioture in any way. 

Four irus monkeys infected with leishmania were splenectomizod This 
operation failed to affect the course of leishmania infection, although the 
animals were observed for over three months. 

From these studies it is concluded that the presence of the spleen plays 
a part of great importance in the resistance to malaria, but there is no evidence 
to show that splenectomy influences the course of leishmania infection in any 
way. 




PATHOLOGY OF MALARIAL SPLEEN 


By M. N. De, M R.C P , Professor of Clinical Medicine, 

Medical College, Calcutta 

(Read at Symposium, August 27-28, 1937 ) 

The spleen is an organ which has been known for a long time past 
as pre-eminently suited to deal with the effete products which find their way 
into the blood stream which is thus restored to its original purity It has also 
been definitely established that it is one of the most important places m the 
body where injurious products of all descriptions are effectively dealt with 
when the latter are brought to it. Furthermore, tho spleen has lately gained 
considerable importance as the principal centre for the production of antibodies 
which are absolutely important for the defence of the animal body against 
micro-orgamsmal invasion. For the performance of all the above-mentioned 
functions, the organ has to depend on certain special groups of cellular elements 
which form a very characteristic structural unit m the anatomy of the spleen, 
i.e the cells of the reticulo-endothohal system These cells are always available 
in sufiiciently large number to cope with the usual needs of tho animal under 
normal conditions But under abnormal circumstances either brought about 
by infection or by tho presence of foreign particulate matters resulting there- 
from, as in malaria, or introduced into the system by artificial means, asm vital 
staining, a large amount of extra work is thrown on the spleen which meets 
the increased demand by putting forth a larger number of its vital cellular 
elements. Such increased output of cells of the reticulo-endothelial system is 
only possible because of their enormous potentialities of rapid multiplication 
and in developing a larger amount of cytoplasm in their bodies While these 
cells struggle hard to cope with the abnormal situation, an adequate supply of 
nourishment, including oxygen, and an equally adequate removal of the pro. 
ducts of cellular metabolism must be ensured, and those are brought about by 
a greater flow both in the artorial and vonous systems as well as by dilatation 
of the existing vascular channels peculiar to the spleen Tho net result of all 
the above changes is an increase m tho volume of the organ which is manifested 
clinically by an enlarged spleen ' 

It will thus be seen that tho essential underlying basis of splenic 
enlargements, in the majority of cases, is a work hypertrophy to start with 
modified by such changes as may intervene from time to time under varying 
circumstances Such a hypothesis, however, precludes all those conditions 
where the enlargement is due to gross involvement of the organ by neoplastic 
and other growths, i.e. lymphosarcoma, lymphadenoma, leukaemia and cystic 
formations. Coming baok to the discussion of the above hypothesis, it may 
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be seen that all the changes enumerated previously may oome upon the organ 
suddenly but last for a comparatively short period, as in any acute infective 
process. The resulting enlargement therefore lasts only for a short time and 
as soon as the infective process is over, the organ gradually resumes its normal 
size and structure. If, on the other hand, the above factors continue to 
operate either continuously or repeatedly at frequent intervals, the resulting 
pathological alterations will pari passu not only take place in increasing 
intensity but will become more or less of a permanent nature. Such splenio 
enlargements, therefore, do not disappear or take a very long time to do so 
after the stimulus to activity has ceased to exist. 

In such chronic conditions, other factors are superimposed sooner or later 
and these no doubt are responsible for additional pathological alterations in an 
already enlarged organ For instance, when the infective process is a long 
continued one the resulting cellular accumulations in the spleen also become 
more or less of a permanent nature and these must require some stroma to 
support them. This demand is met by an increased formation of reticulum 
which often becomes thickened. Another important feature in these cases 
is the marked thickening of the capsule and the trabeculre which therefore, 
particularly the latter, beoome very numerous and prominent. In the chroni- 
oally enlarged spleens, these thickenings consist mainly of fibrous tissue and 
veiy little of involuntary muscle fibres. As a result the periodic and rhythmic 
contractions of the organ are very feeble and the blood in the pulp and sinuses 
cannot be emptied as efficiently as in a spleen under normal conditions The 
inevitable result of this change is that the organ remains constantly in a state 
of turgescence, stretching the capsule and the trabeculae, which pari passu 
undergo further thickening due to the deposit of additional connective tissue. 
This high degree of engorgement is notioed during the time of surgical operations 
for splenectomy when the quantity of blood which may be recovered from the 
splenic vein, after the organ is removed from the abdomen, may be as much 
as one-third of the total weight of the spleen. The last but not the least 
important condition which may supervene is a diffuse fibrosis of the entire 
parenchyma producing a very hard and tough spleen whioh cuts with difficulty 
and frith a grating sensation. The pulp cannot be broken down with the 
tip of the thumb. Such a change results when the poisons brought to the 
orggn work for a long time and are sufficiently strong to cause destruction of 
the* pulp which is subsequently replaced by connective tissue. When this 
stage is reaohed, the organ may undergo some diminution in size and its 
capsule is thrown into wrinkles. For obvious reasons, suoh a spleen becomes 
useless to the body. 

With a preliminary discussion like the above regarding the pathogenesis 
of the common enlargements of the spleen, it will be a comparatively simple 
matter to describe the changes which take place in the organ in the most 
oomroon tropical malady, viz. malaria. 
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The pathological changes in the spleen due to malaria will naturally 
vary according to whether the disease is acute or chronic. In the former 
condition, which is most characteristically seen in infection by Plasmodium 
falciparum, the spleen is found to be only moderately enlarged. The organ 
as a whole feels very much distended, its capsule is very tense and it has an 
intensely dark slaty colour The tension on the capsule is so great that m 
some very acute pernicious cases I found it as thm as muslin and the slightest 
pressure of the knife to cut through it led to its rupture Such a stretchuig 
and thinning of the capsule in acute malarial infection would explain the 
occurrence of rupture of the spleen either spontaneously or as a result of 
trauma of a very trifling character sometimes reported from hyperendemic 
areas Although when felt over the abdomen during exammation of the 
case clinically, one finds the organ fairly hard in consistence, it is entirely 
different when the same organ is examined on the autopsy table As soon 
as the knife is placed on the surface and pressure exerted to cut through the 
tissues, the stretched capsule almost bursts and the splenic pulp at once bulges 
out It looks like a soft, diffluent pulpy substance, intensely black in colour 
with a copious amount of equally dark, almost tarry, blood flowing out of it 
One peculiarity which must have been noticed by every pathologist having a 
fair amount of experience of malaria is that it is extremely difficult, almost 
impossible, to cut a thm slice out of such a spleen as all the pulp tissues being 
very friable crumble into pieces It is only possible to do so after tho organ is 
hardened and fixed in formalin. When a contact smear of the spleen is 
stainod and examined under the microscope, one finds plenty of red cells, some 
lymphoid oells, many large phagocytio mononuclear cells laden with hsemozoin 
pigment and an enormous amount of pigment in large or small masses freely 
scattered throughout the field. Curiously enough, parasites are found m 
very small number In one case of which I have a personal knowledge, 
crescents ~ were found in large numbers but hardly a single parasite m the 
trophozoit stage oould be detected. Probably the infected red cells being 
damaged by the parasites are readily broken down when the latter are at 
once destroyed. In the histological picture the most outstanding features are 
the enormous amount of blood and haeraozoin pigment which have accumulated 
in the organ. This is so extreme in some cases, that the entire section 
appearodike a mass of blood clot completely hiding the true picture of the 
spleen Brownish black pigment may be seen strewn all ovor and mixed with 
the blood in small granules or in masses and also inside the reticulo-endothehal 
oells which are found in large numbers. The lymphoid follicles become small in 
size mid are sometimes reduced so much that these can be recognized only in 
connection with the oross section of the arterioles. 

Thus from what we generally see in acute malarial infection it is evident 
that the enlargement is entirely due to the extra burden suddenly thrown on 
the organ and to the concomitant vascular ohanges whioh inevitably follow 
suoh increased output of work. 
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When the infection is of a chronic nature the changes, though essentially 
of the same nature, do not present themselves in such an acute form. There 
is less vascularity but more cellular proliferation with increase in the reticular 
fibres. The capsule becomes fairly thickened and the trabeculae get numerous 
and more prominent The enlargement is always very much more than that 
in the acute infeotions but oontrary to the usual conception it never assumes 
an unusually big proportion. In fact if the organ be found to be large enough 
to reaoh the pelvis, the suggestion of its being malanal in origin should be 
revised. I have been foroed to arrive at this conclusion after a very careful 
study of the histological picture of a large senes of unseleoted cases of spleno- 
megaly obtained from the autopsy materials of the Medical College Hospital. 
The consistence of the chronic malanal spleen is firm and this perhaps is the 
origin of the term ‘ aguecake ’ applied to this type of spleen. During autopsy, 
the organ cuts well though with a little resistance and the cut surface shows a 
characteristic appearance, viz. a homogeneous black surface interspersed with 
minute whitish or greyish streaks. The substance cannot be broken with the 
pressure of the thumb unless a fair amount of force is exerted. Unlike the 
spleen in acute malaria one can cut even very thin slices from such an organ 
The histological picture shows a diffuse pigmentation with marked cellular 
proliferation consisting mainly of large phagocytic mononuclear cells, their 
oytoplasm being filled with malarial pigment. There are also many colls of a 
lymphoid nature particularly aggregated in and around the Malpighian follicles. 
The vascularity, though obvious, is certainly loss marked. Both the capsule 
and trabeculae are considerably thickened. When stained with the Foot 
Bielschowsky’s method, the reticulum is found in abundance. This type of 
splenomegaly which is the result of a chronic repeated malanal infection, 
although it diminishes in size to some extent, often persists for a very long 
time, sometimes throughout the greater part of one’s life and this is so in spite 
of all the treatment given to the patient. 

The typos of splenomegaly described above are always accompanied by 
varying degrees of hepatic enlargement which is found to be due to the accumu- 
lation of pigments in the Kupffer’s cells and marked engorgement of the liver 
oapillaries. As in the spleen, these fixed reticulo-endothelial cells not only 
proliferate in number but also increase in their size. As it takes a very long 
time to dispose of their load of inert pigments which collect in large amounts, 
the hepatic enlargement also persists for a long period just like the splenic 
enlargement. The hepatic cells may contain hsemosiderin granules and also 
show some degree of fatty change but no haomozom pigments are ever found 
inside their cytoplasm. It must be definitely stated that inflammatory reaction 
of any kind is not met with in this organ, although in very chronio and long 
standing infections one may find collections of mononuclear cells limited 
only to the portal spaces. If we take such oellular accumulations as evidence 
of irritation, they might produoe some fibroblastio reactions in these areas 
giving rise to thickening of the connective tissues, but even such a change 
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cannot be found always in the average chronic case of malaria met with in 
the autopsy room. Such a change, however, can neither produce an appearance 
of portal cirrhosis nor the clinical phenomena of the common cirrhosiB of the 
liver. The hypothesis of cirrhosis of the liver of malarial origin, although 
advocated in older times, cannot be supported in view of the histological 
findings enumerated above. 




ANTIMALARIA OPERATIONS IN DELHI, 

By M K Afridi, Major, MI), IMS, Assistant Director, 

Malaria Survey of India 

(Read at Symposium, August 27-23, 1037 ) 

Tho various investigations into the incidence of malaria m Delhi winch 
began with Christophers’ survey of Delhi immediately after the gieat epidemic 
of 1908 are summanzod by Covell (1934) In 1912 Hodgson published a 
classical report after sixteen months’ continuous and exhaustive observations 
and one far-reaching result of his investigation was that he brought out the 
extremely malarious character of the site originally selected for New Delhi 
Apart from that, the adoption of his recommendations regarding tho desirability 
of the closure of the Western Jumna Canal at Lohan (late resulted in a 
spectacular reduction of malaria in the City Wards 1 and 2 In 1927, 
Senior-White carried out another detailed survey lasting one year, but his 
recommendations wero only partially enforced Thereafter, the problem of 
malaria assumed a backward position and there is nothing special to record 
except the energetic temporary control measures undertaken by Major Webb 
in 1929-30 and reports of the officers of tho Malaria Survey of India on a 
few specific malaria problems including abnormally severe spring mosquito 
nuisances This state of affairs continued till 193(1 when in June that year 
the Government of India undertook to initiate a comprehensive malaria 
control scheme based on such of tho recommendations in tho previous surveys 
as were considered necessary m the light of existing conditions Colonel 
Coveil was placed in charge of tho Antimalaria Operations and the speaker was 
posted under him as Special Antimalana Officer, Delhi. 

Briefly the chief causes of malaria incidence in Delhi arc — 

1. Excessive canal irrigation, coupled with interference with natural 
drainage by railway, road, and canal embankments m the North- 
Western section 

2t„ Annual flooding of the Bola by tho Jumna, leading to (a) heading up 
of water in the various storm-water drainage channels, and (b) 
formation of prolific breeding plaoes as tho flood recedes 

3. Presence of vast numbers of excavations throughout the area in the 

form of borrow-pits alongside railways and roads, and pits in 
brick-fields and quarries in the Ridge Area 

4. Presence of miscellaneous breeding plaoes, such as temporary water 

collections around hydrants, ornamental waters, non-mosquito- 
proof cisterns, wells, and underground storm-water drainage 
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The measures enforoed during the past year may be considered under two 
headings : (i) permanent measures, and (li) temporary measures. 

Permanent Measures . — The permanent measures have been directed 
ohiefly towards eradicating breeding places causod through faulty storm-water 
drains, lack of adequate drainage of certain low-lying tracts, and over-irrigation 
in the area fed by the Western Jumna Canal. These measures oan scaroely be 
looked upon as specifically antimalarial in nature but are rather designed to 
provide suoh surroundings for Delhi as can be easily controlled by the anti- 
malaria staff. In securing this objective the activities of the Antimalaria 
Organisation have been intimately linked with those of the Delhi Improvement 
Trust and other programmes of sanitary improvements. The suooessful oonduot 
of these measures has been greatly facilitated by the whole-hearted oo-operation 
of the Civil and the Municipal Administrations and of the officers of the Central 
Publio Works Department who have throughout plaood all possible facilities 
at our disposal. 

Temporary Measures . — These measures were concerned with the organiza- 
tion of the antimalarial staff of the various municipalities, the provision of oil, 
paris-green and other larvioides, and the institution of programmes for adequate 
weeding, minor filling and draining of small temporary collections of water. 
The oentral organization for the measures was supplied by the Malaria Survey 
of India and the striking benefit of suoh a oentral oontrol was the elimination 
of much overlapping of work and the neglect of one seotor to the detriment of 
an adjoining seotor. The establishment for different areas have been varied 
to suit the demands imposed by the olintatic requirements and the extent of 
the breeding souroes. 

In addition, as an experimental measure, the quarters of oertain isolated 
communities in the Delhi Urban Area were regularly sprayed which have yielded 
very enoouraging results. Similarly the practicability of spraying of paris- 
green from Airoraft was thoroughly tested , the results of this work were 
published reoently (Coveil and Afridi, 1937). 
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CONTROL OP ANOPHELINE BREEDING IN IRRIGATION 
CHANNELS BY PARIS-GREEN 

By B. A. Rao, B Sc , MB., B S , M.P.H , Bureau of Epidemiology, 
Stale Department of Health, Bangalore. 

(Read at Symposium, August 27-28 , 1937 ) 

The observations in this paper are based on the effect of paris-green on 
larval breeding in irrigation channels in the Nugenhalli area Describing 
this area Sweet (1933) has said, ‘Practically the whole of Nagenhalli area 
is under “ paddy ” cultivation, watered by means of irrigation channels derived 
from the Cauvery river. The area is, however, too far from the nver for it 
to be a factor in producing malana-earrying mosquitoes There are two mam 
irrigation channels in the area, one to the south and the other flowing through 
the northern part Two larger subsidiaries flow through the centre, one 
forming the southern boundary of Nagenhalli village and flowing on eastward 
through the farm, the other flowing approximately north and south through 
the farm. There aro of course very numerous smaller channels, running to 
separate areas of paddy cultivation and between the smaller plots ’ 

Paddy in this area is a winter crop, the first transplantations being made 
about the beginning of July and the crop being harvested in Docember. 
During the active cultivation all the channels run full, but in the summer 
months, commencing from January to June, water is allowed for the first 
ten days only in the main and first subsidiary channels As a result of this 
and the uneven surface of the bed these channels are never completely dry. 
All the channels are much silted up, with the sides scoured and full of vegetation 
during the irrigation season, attempts to clean them out being irregular and 
poorly supervised. 

The anophelines reported from this area are ■ 

1. A aconitua Donitz, 1902. 

2. A. barbirostns Van dor Wulp, 1884. 

3. A. cvlxcifacies Gilos, 1901. 

4 A. annularis Van der Wulp, 1884 

5. A. hyreanus Van der Wulp 

6. A. jamesii Theobald, 1901. 

7. A. jeyporiensis James, 1902. 

8 A. fiuviatilis James, 1902. 

9. A. splendidus Koidzumi, 1920. 

10. A. pallidvs Theobald. 

11. A. philippinensis Ludlow, 1902. 

12. A. stephensi Liston, 1901. 
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13. A. subpiclus Grassi, 1899. 

14. A. tmellatua Theobald, 1901. 

Iff. A. turkhudi Liston, 1901. 

16. A. vagus Donitz, 1902. 

Of these 16 anopheline species in the area only two, A. cultctfacies and A. 
fluviatilis, have been found naturally infected with malaria. An epidamio. 
logical study of the relationship of the anophelines of the area to the local 
malaria problem indicated a definite relationship with the catches of only 
these two anophelines, A. ctdicifacies and A fluviatilis (Sweet, 1933; Sweet 
and Rao, 1931) 

The types of anopheline breeding places in the area are- (1) imgation 
channels, big and small ; (2) paddy fields ; (3) marshy areas where railway and 
road embankments obstruct natural drainage ; and (4) seepage from channels. 
The irrigation channels offer the largest surface for anopheline breeding and the 
two malaria-carriers are found in close association and practically confined 
to these irrigation channels, except that A . cvlicifacm is found breeding outside 
the channels in paddy fields, marshes, and seepages from the channels With 
the exception of the paddy fields, where the finding of A culicifacies is confined 
practically to a fortnight or a month in the year (middle of June to middle of 
July which is a non-transmission season for malaria), the other sources of A. 
culicifacies are negligible The problem of malaria control m the Nagenhalli 
area, therefore, reduced itself to the control of A. cvlicifacm and A fluviatilis 
breeding in the irrigation channels, the breeding of A. culicifacies m the paddy 
fields being neglected for the reasons explained. 

The sections of the channels in the area vary enormously, some are bo 
big as to require spraying from both banks Paris-green has been used in this 
area as the larvicide since the commencement of control measures in February 
1930, but as the road-dust locally available was heavy and difficult to spread 
in a cloud, ash obtained from a nearby mill was used, in varying proportions 
with the road-dust, as the diluent, a one per cent mixture of paris-green with the 
road ^st -ash mixture having been in continuous use from the beginniig 
jrf the work. The mixture is applied by means of hand blowers and at regular 
intervals of a week 

The effect of paris-green on the anopheline breeding is determined by 
making larval dips before and after the application of the paris-green mixture 
The usual practice is to dip for larvae the same day in the area due to bo parts- 
greened and the area paris-greened on the previous day. Further, weekly 
adult oatches in established catching stations for a fixed time both in the control 
and comparison villages reflect the effectiveness of the larvicide used. 

The larval findings according to their sizes before and after paris-greening 
for the year 1935 taken as a sample are given in Table 1 below. 



' of forces of A. euUeifactes and A. fluviatUus found before and after pan»-green\ng for the year 1935. 
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No selection has been made of the figures for any particular year as similar 
figures are available for all the years the control measures have been in opera- 
tion. A study of Table 1 brings to light three important facts : 

(1) That paris-green is completely effective in killing all fourth stage 

larvae. 

(2) That its action on the second stage larvae is negligible. 

(3) That a weekly spraying of paris-green is effective in not allowing 

any of the second stage larvae to pass through the pupal stage 
before the next spraying is due. 

A study of the adult catches in the catching stations in the control and 
comparison villages further confirms the effect of paris-green Bpraying on the 
anopheline output in the area. The accompanying graphs (figs. 1 and 2) give 
the monthly catohes of the two species A. culicifaeies and A. fluviatilis in the 
control as well as the comparison villages. 

The figures presented in the two graphs cover a period of eight years. 
During thisjperiod, in the first year no antilarval work was done and in the rest 
of the period the zone of control was varied from a mile, to a half mile, to a 
quarter mile, and back again to a half mile The catches of A . culicifaeies 
(graph 1) during the first twelve months before starting the antilarval work 
disclose two peaks, one during March, April and May and the other in July 
and August. The first peak is due to the breeding of A. culicifaeies in the pools 
and puddles in the channels mainly, whereas the second bigger peak is due to 
the breeding in the channels in addition to the breeding in the paddy fields. 

It is seen that paris-green spraying has effectively controlled the first 
peak during the malaria transmission period, whereas its influence on the 
second peak is limited only to the output from the irrigation channels. That 
the presence of this large number of A. culicifaeies during July and August 
has no influenoe in .this area on the local malaria has been discussed and clearly 
shown by the downward trend of both the spleen rate and the parasite rate 
(Sweet and Ijtao, 1933), subsequent to the antilarval measures. 

The effect of varying the control zone on the adult catches in the control 
and comparison villages is well illustrated. With a one mile and a half mile 
zone, the comparison villages, situated just outside the half mile zone, were 
theoretically protected on at least one side from invasion of dangerous ano- 
phelines. With the reduction of the control zone to a quarter mile, the disparity 
in the A. culicifaeies catches in these two groups is well illustrated. While 
there is a small rise in the number of A. culicifaeies catches in the catching 
stations of the control villages, the rise in the comparison villages is enormous, 
showing that the partial protection enjoyed with the half mile control zone 
was completely removed. 

I A study of the catches of A. fluviatilis is further a demonstration of the 
effective oontrol of thiB species by paris-green . This species is purely a naming 
water breeder and has at no time been found in the paddy plots. A one per cent 
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paris-green mixture has throughout the period kept down the A fluviatihs 
catches in the control villages, whereas the catches of this species in the compari- 
son villages is subject only to seasonal vanations. 

Discussion 

One of the objections to the use of paris-green as a larvicide in antimnlaria 
work has been that, judged by the standard of larval catches, it is not one 
hundred per cent lethal It is seen from the figures presented in Table 1 
that the first and second stage lnrvse aro almost untouched by paris-green. 
This is perhaps purely a physical detect in that the size of the particles of pans- 
greon in common use is too lug for the larva in the narlv stages of its growth, 
but that this is no handicap for effectively controlling anophelino breeding 
has been amply demonstrated by spraying pans-green mixture once a week 
(or oftener if necessary), so as to catch those larva' before they pupate As 
regards the necessity for controlling anopheluie breeding in paddy plots, the 
experience reported is with reference to local conditions only 

Summary 

In the light of the studios over a period of eight years in the Nagenhalli 
area it is possible to conclude • 

1 That paris-green can be eflectivoly used for controlling anophelino 
breeding in irrigation channels 

2. That a one per cent mixture with a suitablo inert diluent is a quite 

adequate strength for use as a larvicide. 
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DRUG PROPHYLAXIS IN MALARIA BY THE USE OF QUININE 
AND PLASMOCHIN IN THE FIELD 


By Capt. J D Sinha, M R C P , L R.C S , L R F P & S., D P.IJ , 
D.T.M. //., Assistant Director of Public Health, 

Malaria Research, Bengal 
(Read at Symposium, August 27-28, 1937 ) 

Introduction. 

An experiment was carried out during the period 1933-1937 by the Bengal 
Public Health Department with a view to finding out how far it is possible 
to control malaria in a hyperendemic area by trying to prevent infection by 
Anopheles mosquitoes by destroying both the sexual and asexual forms of 
malaria parasites in the human blood by a blanket method of treatment, i.e 
simultaneous free administration of plasmochin and quinine to the ontire 
population within the selected area, followed by prompt treatment of all malaria 
cases as soon as they occur. This short memorandum gives tho details of 
the scheme and the results achieved by the experiment. 

Area and Method of Work. 

The district of Burdwan was selected on account of its high malarial 
endemicity — the spleen index vanes from 60 to 80%. A circular area of 
approximately 44 sq. units comprising 97 villages with a total population of 
21,000 was selected in the Meman thana of the Burdwan district. Children 
under 12 formed roughly 30% of the total population. The campaign started 
in April, 1933, with an attempt to treat free of charge everybody within the 
selected area with a tablet of 0-02 gramme of plasmochin and 15 grains of quinine 
sulphate or cinchona febrifuge per day for 3 and 5 consecutive days respectively 
The dosage naturally varied according to the age of the person treated In 
spite of ajl propaganda and persuasion roughly about 17% of the population 
refused to undergo tho treatment. The distribution of plasmochin and quinine 
to the population was carried out by the existing staff of the Public Health 
Department and was finished by tho end of June, 1933. From the first week 
of July, 1933, thirty treatment centres were opened within the experimental 
area in charge of six sub-assistant surgeons. In these centres each case of 
malaria was on the first day of tho visit treated with quinine and plasmochin — 
the daily adult dose being 15 grains of quinine and 002 gram of plasmochin 
for 3 days. On a subsequent visit the patient was given only quinine for 
another 3 days but no plasmochin. As the attendance of malaria patients 
decreased considerably by February, 1934, all the treatment centres were dosed 
down and the doctors were detailed to go round the villages in their respective 
areas and treat malaria cases in their houses. From July to January the treat - 
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ment centres were kept open again. From March, 1934, 88 voluntary distri- 
butors were appointed through whom quinine and plasmochin were distributed 
in all the villages concerned. The District Board of Burdwan also deputed 
six sanitary assistants in the same year for a period of 3$ months who did 
propaganda work and otherwise formed a link between the doctors and the 
voluntary distributors. Besides the issue of quinine and plasmochin, regular 
observations regarding spleen index, fover index, parasite index, gametocyte 
rate, sporozoite rate, etc. were made for which a field laboratory was kept 
open in chargo of an assistant surgeon at Amadpur, withm the experimental 
area, throughout the period under report. To study the variations in tho 
spleen index, thirteen villages within the experimental aroa were kept under 
observation, whilst for the purpose of control several villages just outsido the 
experimental area, but with identical physiographical, meteorological and 
economic conditions, were selected. For purposes of comparison records of 
dispensaries both within and outside the experimental area have been taken 
into account 

In June, 1936, a departure Was made in the system of treatment by issuing 
to all school children quinine for 7 days and plasmochin for 5 days from tho 
third day of quinine treatment Outside the schools all children and adults 
with enlarged spleen wore given similar treatment with as few omissions 
as possible The drugs were left with the school -masters and guardians of 
children with proper instructions To start with, quinine for two days only 
was issued On the third day, after enquiry as to the fate of the drug already 
issued, quinine and plasmochin for tho noxt 5 days were given except to those 
who had refused to take the first issue. By the second week of July, 1936, 
the distribution of the drugs on the above ImeB had been completed and thirty 
treatment centres were again opened as in previous years A modification 
was also made in treating actual fever cases attending these centres. Quinine 
was thenceforth given for 7 days and plasmochin for 5 days from the 
thin! to the seventh day of quinine treatment. All the treatment contros 
wore discontinued from the 31st January, 1937, and tho experiment finally 
closed on the 31st March, 1937. 

As neither time nor space will permit, the various observations being 
given here, only the summary of the results achieved by the experimental 
scheme as compared with those of the control area is given below : 



1933-34. 

1934 33 

1935-30 

1930-37. 

1. Malaria incidence in 

July-Mar. 

Apr -Mar. 

Apr.-Mar 

Apr.-Mar 

the experimental 





area (in treatment 





centres only) 

8,908 

5,907 

3,114 

2,903 

2. Average Fever Index : 

Oot.-Nov. 

Aug.-Nov. 

Aug -Nov 

Aug -Nov. 

(a) Experimental 





area 

ltt-0 

120 

7'5 

42 

(ft) Control area . . 

42-5 

32' 2 

48-7 

25-0 
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3. Spleen Index : 

(a) Experimental 

1933 

1934 

1935 

1930 

1937 

area 

80-0 

not examined 

31 4 

21 4 

(6) Control area 

60 5 

not oxamined 

85 2 

42 9 

4. Average Paraaitio In- 
dex among ohildren 
(a) Experimental 

1933 

1034 

1935 

1030 


area 

21 2 

22 2 

11 0 

50 


(6) Control area 

291 

30 9 

33 0 

20 2 



Factors which adversely affected the Result of the Experiment 

(i) In spite of all propaganda and persuasion 17 per cent of the population 
rofusod to take the medicines The number of Mantels m the area is 3,352. 
They are notoriously backward and aboriginal peoplo who rarely take drugs 
for any ailment but believe in and practise primitive rituals for curing them 
from all maladies Apart from these Mantels, a small percentage of other jieople, 
especially elderly women and babies, could not be persuaded to toko the 
medicines Owing to the custom of purdah among the female folk many women 
also could not be induced to be examined and properly treated Thus this 
untreated section remained throughout an active human reservoir of malarial 
parasites Consequently mfoction of mosquitoes and dissemination of the 
disease could not be totally controlled 

( II ) Almost all the quacks in a body carried out counter-propaganda 
against the scheme as they were afraid of losing their daily bread if the experi- 
ment became successful 

( III ) There was no control against the introduction of fresh infective 
material in the shape of gametocyte carriers or of infected mosquitoes from 
outside the area. 

(iv) As neither quinino nor plasrnochin or a combination of the two can 
completely sterilize the human host of all parasites or provont relapses, game- 
tocytos will continue to be formed as long as some jiarasitos remain in the human 
host in spite of treatment. It is also not known how long a patient will remain 
gametocyte free after a short course of quinine and plasmochm and thus remain 
non-infective to mosquitoes. 

Eradication of malaria and its control are two very different things 
Obviously complete eradication of malaria by this scheme is not possiblo. 
It certainly reduces the incidence of malaria by curtailing the parasitic factor 
to a minimum. But how long the incidence of malaria will remain low in the 
locality m the absence of continued efforts is not known. The recurrmg 
expenditure on drugs and distributors Cannot be indefinitely maintained. 

As a corollary of this experiment it would be interesting and profitable 
to find out how far anti-larval steps alone without anti-parasitic measures 
can reduce the incidence in an equally hyperendemic area and at what cost. 
That either of the measures can reduce malaria is more or less admitted but 
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which of them it more efficient, less oostly and more permanent in effect cannot 
be proved unless anti-mosquito measures are alone tried in a hyperendemio 
rural area. Till then we oannot but advocate both the measures together, 
anti-parasitic and anti-mosq'uito, to help us in our fight against this principal 
soourge of Bengal. , 



FLOOD- FLUSH SCHEMES IN BENGAL 


By T A Curry, M .Inst C E , M I.E (Ind ), Chief Irrigation Engineer, 
Oovemtnent of Bengal 

(Read at Symposium, August 27-23, 1937.) 

The term ‘ flood-flushing ’ probably needs to be defined in order to under- 
stand the object and usefulness of that process Its distinction from ordinary 
‘ irrigation ’ is also to bo noted ’ Irrigation ’ may lie defined as ‘ the 
introduction of water on to land by artificial means for the purpose of watering 
the crops grown thereon ’. 

Accordingly, the amount of water so introduced is regulated by tho 
requirements of tho crop to bo irrigated, and it is the constant aim of the 
Irrigation Engineer to so perfect tho method and arrangements for the dis- 
tribution of water that as large an area of cultivation as possible may be 
efficiently served with the supply available As a general rule a depth of 
watering of 2} inches to 3 inches is given, and such waterings are repeated at 
intervals of about 10 days until the requirements of tho crop have boon mot 
Taking one cubic feet of water per second, commonly known as ‘ one cusoc ’, 
as the unit of discharge, an area of 79 acres can bo inundated to a depth of 
3 inches by ono ‘ cusoc ’ in a period of ten days ‘ Flood-flushing on tho 
other hand, aims at introducing water on to land for tho sanitary improvement 
of the area flushed as well as for the revitalizing of tho land and the irrigation 
of the crops grown thereon 

As its name implies, flood-flushing can only be carried out during tho 
flood season when the rivors are heavily silt-charged and full to overflowing, 
and there is no anxiety about tho adequacy of tho supply available, and the 
only limits to the discharge that is to be passed on to the land are those imposed 
by the survival of the crops, the capacity of the drainages and the safety of 
buildings, and culverts, etc. 

Bengal is a deltaic province and one of the principal functions of its rivers 
is to spill, during tho flood season when their waters are heavily charged with 
silt, over the surrounding land. 

If the natural conditions are allowed to prevail the lowlands traversed by 
deltaic rivers are gradually raised to above flooding level by the recurring 
deposition of silt and sand thereon from the spill of the rivers. 

It would take too long to go in detail into the process of land reclamation 
by delta-building rivers and of the harmful results that follow interference 
with suoh natural action, suffioe it to say that during the process of raising 
the level of the land the swamps, and low areas generally, are refreshed for 
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several months annually, and the land spilled over is raised and rendered 
fertile for cultivation. 

In Bengal, owing to the economic needs of a rapidly increasing population, 
embankments to prevent many of its rivers overflowing their banks have been 
erected. At first the results of such action were very profitable, crops were 
grown without risk of ruin by flooding, railways, roads, factories, and all 
the other amenities and accompaniments of material and industrial progress 
were introduced. Later, however, the harmful effects of the policy of embank- 
ments began to be felt. When a river is embanked the silt, which is intended 
by Nature to bo discharged on to the surrounding lands, cannot escape from 
the river ohannel and is mostly deposited on the bod, thus choking the chaimel 
and causing the bed level to rise. As the bed level rises the water levol also 
rises and, in consequence, the embankments have also to be raised to keep 
pace with the rise in the bed and water levels of the river The lowlands 
remain at the same levels and so unhealthy swamps are formed which cannot 
be drained and become a menace to public health ; the lands, which would 
normally be revitalized and moistened by over spill, become infertile and the 
natural system of surface drainage becomes upset Owing to the nse in the 
river levels the danger of breaches in the embankments and of disastrous 
flooding of large areas bocomes ever present. 

The contrast between the conditions m East Bongal and Central Bengal 
is very striking. In the former (except in a few areas where embankments 
along rivers havo been constructed) the countryside is subject to river spill and 
is fertile and populated by a virile and healthy population. 

In Central Bongal where the rivers have been embanked, all the harmful 
effects mentioned above are evident. The rural population is declining and 
has become debilitated by malaria and other diseases, and agricultural 
prosperity has decreased. The remarks made m the foregoing paragraphs are 
not intended as a criticism of former engineers. Embankments in similar 
oiroumstances are still being erected in other countrios, the most recent example 
being along the rivers Axios and Aliakmon in Greece to prevent them spilling 
over the Salonika plain . 1 

Of course, farmers and their lands that have been accustomed to the 
proteotion of embankments cannot suddenly be exposed to the fury of flooded 
rivers. Nevertheless, it is the declared policy of the Irrigation Department in 
Bengal |o slowly abolish embankments wherever possible and to prevent 
the eitfj&n of any fresh embankments. 

I^wo&tion, following the activities and investigations of medical scientists 
like Dr. Bentley and Rai Bahadur Dr G. C. Chatterjee a policy of flood- 
flushing has been initiated. Those workers have shown that, apart from the 
benefloial effect on the productivity of the soil and the gradual raising of low 


i tide a paper by B. W. Huntsman, B.Sc., M Inst.C.E., read at the Institution of 
Engineers, London, on the 26th January, 1937. 
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areas, tho passage of silt-laden water over agricultural lauds has a marked 
beneficial effect on the public- health of the locality concerned As far as it 
can be understood by a layman the propagation of mosquitoes in hollows in 
tho land is interrupted, while tho tanks and swamps are refreshed, and thero 
again the breeding of mosquitoes is interfered with by the introduction of silt- 
laden water and of carp fry which are carried in suspension by tho flushing 
water and which soon grow into vigorous larvm-devouring fish 

The conditions that prevail in East Bengal and those ruling after tho 
otherwise disastrous breaching of the Damodar river embankment m 1913 and 
again in 1936 left no room for doubt that tho theories piopourulod by tho 
workers named are corroet. So a beginning was made, m a small way, with 
flood-flushing schemes in different parts of the province Thus the highly 
malarial villago areas of Pmgla, Naraingarh and Kola in the district of 
Midnapore, covering an area of 8,278 acres including 729 tanks, have been 
flushed with water from the Oossye and Rupnarain rivers through the 
Midnapore canal system, froo of charge to tho villagers, during the flood 
seasons of 1932 to date. 

The inhabitants there are kept under medical observation by the authorities 
of the Public Health Department, and the reports show a marked improvement 
in public health as evidenced by reduced treatment at dispensaries for malaria 
and other fevers and by a reduced spleen index The results of the introduction 
in 1934 of flood water (froo of water tax) from the Gobra Nullah on to the 
lands of the villages of Maidyagobmdpur, Madapur, Bahadurpur, Sultanpur 
and others in the Murshidabad district, were even more striking for whole 
village sites which had been abandoned on account of malaria were rooccupied 
Seven thousand one hundred and twenty acres wore flushed and the report 
shows that in addition to reducing malaria the yield of the armn paddy crop 
was approximately doubled and grubs and insects hko white ants wore 
destroyed, Agam, with the aid of the Collectors of tho Jessore and Nadia 
districts, it is hoped to throw open to river spill, from tho Mathabhanga river 
and its distributary channels, considerable areas where unhealthy conditions 
at present prevail 

The area of land between the lowor reaches of the rivers Damodar and 
Hooghly is one where unhealthy conditions prevail and where tho productivity 
of the soil is now much less than in former days, in consequence of the presence 
of the embankment along the left bank of the river Damodar. Encouraged 
by the sucoess of the trial measures mentioned above, and acting on the 
suggestions put forward by the Publio Health Department and by the Rural 
Development Commission of Bengal, an ambitious scheme has been sub- 
mitted to the Local Government for flushing 3,60,000 acres, m the districts of 
Burdwan, Hooghly and Howrah, between the Damodar and Hooghly rivers, 
by the flood waters of tho Damodar nver at a cost of Rs 273 lakhs = (£2,100,000). 
The salient features of the scheme include a barrage m the river Damodar 
near Burdwan and a network of distributing channels fitted with regulators, 
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capable of carrying 13,160 cusecs (a discharge equal to the normal flood dis- 
charge of the Thames river at Staines), and adequate sluices for the drainago 
of the excess water into the river Hooghly. 



SURFACE ANT) SUBSOIL DRAINAGE. 


By F O Griffin, Chief Engineer, Public Health Department , 
Government of Bengal. 

(Read at Symposium, August 27-28, 1937 ) 

The gonoral principles affecting tho relation between the control of water 
and malaria prevention are now well known. They may bo ro-statod as 
follows — 

(1) Mosquitoes breed as a rule around tho edge of water, — out in the 

middle of a large tank or lake the surface movement is too great 

(2) Most of the malaria-carrying anopholinos prefer clear water, not 

necessarily stagnant wator. 

(3) Mosquitoes cannot brood in water which is heavily laden with 

silt 

(4) A number of varieties of small fish food on mosquito larva* , so that 

a good-sizod tank, well stocked with fish, and with sides kept 

clear of woods, can be considered as practically non-malarious 

It is obvious that the simplest way to prevent mosquito breeding in a 
particular area is to drain away all water from that area. Tho oaso with 
which this can be dono depends however on natural conditions, — and my note 
is divided into two main parts, — the first part being with regard to areas 
where drainage is comparatively easy and tho second with regard to areas 
where it is difficult, owing to conditions being against, natural drainage 

Easy drainage applies of course to land where there aro sufficient differences 
in level and whore tho water can run off down the natural slopes, and a very 
moderate amount of slope can be made sufficient for this purposo It is sur- 
prising how effective natural surface drainage can be mado ovon in a com- 
paratively flat country, when the ground is accurately graded and tho water 
channel are carefully trimmod to exact slopes, as is the case with the Calcutta 
Maidan. 

Praotioally the whole of the land has its natural surface drainage, — 
formed by the rain water in its endeavour to pass down to tho soa. Stagnation 
of surface drainage is sometimes due to natural occurrences such as landslides 
or earthquakes, but is more often duo to man’s interference with natural 
conditions. The establishment or restoration of good drainage therefore 
amounts to an investigation as to what aro, — or should be, — tho natural 
drainage channels, and the construction of means for overcoming any obstruc- 
tions that may be in the way. Among the various ways in which man’s 
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interference with nature has caused drainage obstruction, the following may 
be mentioned : — 

(1) Encroachments on drainage channels, — either by building over 

them, or too close to them — thereby confining the channel in 
too small a width. 

(2) Obstruction of drainage channels by throwing into them rubbish, 

earth, or filth. 

(3) By putting fishing weirs across drainage channels and failing to 

remove them again when the fishing is done. 

(4) The construction of embankments for roads, railways, or canals, 

without making sufficient provision for the natural surface 
drainage. 

(5) Paddy field terracing. 

(6) Mining subsidence. The results of mining operations in many 

places have been to cause the surfuce of the ground to cave m, 
with the result that water stagnates in pools and the gradients of 
surfaoe channels are interfered with. 

Other more general points might bo mentioned, such as denudation of 
forest land. When the forests are cut. and no re-planting is done, the exposed 
soil moves more quickly down the slopes to the stream in the valley below, 
sometimes through landslides The soil comes down more quickly than the 
stream can carry it away, and accumulations here and thoro tend to hold up 
the drainage in the valley. Also the extra volumes of soil and stones which 
are carried away by the streams block up the rivers lower down in the plains, 
and accentuate the drainage difficulties there 

Where there are good natural slopes, the improvement of drainage should 
be simple. Encroachmonts can be pushod back and the drains kept sacrosanct 
Rubbish must bo cleared away and arrangements made for keeping the drains 
clean By proper grading of channels and continuing them t o suitable outfallR, 
it is generally easy to get good drainage 

One of the experimental antimalarial schemes earned out by the Bengal 
Publio Health Department in 1917 was in connection with colliery land near 
Raniganj. Here the land had been tumbled about by mining subsidence, and 
in one place there was a level swamp. The engineering work done consisted 
of re-gra^gg the natural surface channels, putting in culverts where embank- 
ments were obstructing drainage, and m draining the swamp by means of a 
network of sub-drains. These consisted of earthenware pipes, laid open jointed 
in a bed of gravel and broken stone. There was a mam sub-drain, and branch 
drains in herringbone fashion. Of course careful levels were taken to shew 
that there would be a proper outlet for the main sub-drain The drain at its 
outlet end was about 4 feet below ground, but there was a lower level channel 
into which it could discharge, 
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Subsoil drainage is practised in many parts of the world, — perhaps more 
for agriculture than for antimalarial purposes. Machines are available which 
construct a rough sub-drain at great speed More often tho ‘ agricultural 
tile ’ is used, — a rough eaithenware pipe, without socket, 3 oi 4* in diameter, 
and laid ond to end without any joint Tho water finds its way in through 
the abutting ends of the pipes Of course it is all important that such a drain 
should be laid with the proper amount of slojie, — a 4* pipe should have a slope 
of not less than 1 m 60. 

An interesting form of sub-dram was constructed in connection with the 
antimalarial scheme at the Meenglas Tea Estate, m the Dears. This estate 
is traversed by a number of streams (jhomx), and there is a good natural slope 
from north to south As the anophelinos were breeding along tho edge of the 
running water, it was decided to put the streams underground by means of 
sub-drains The long distance for transport would have made earthenware 
pipes expensive, and as plenty of stone was available at the site, it was decided 
to mako the sub-drams of stone A stone bod was laid to a continuous 
gradient, side walls of dressed stone were built on it, and big stone slabs laid 
across the top, — tho whole being then filled in with small stones up to the 
natural bed of tho jhorn The side walls and top stones wore laid without 
mortar so that water finds its way into the drain through the crevices of the 
stonework One or two lengths ot smill drains wore' demo with pipes, so as 
to mako a comparison in cost The cost of a sub-drain 9' wide and one foot 
high workod out at 7 annas 6 pies per foot run 

The areas where drainage' is difficult are of course thoso aroas whore there 
is insufficient natural slope In the low-lying parts of flat country liko tho 
deltaic areas of Bengal water must lodge during tho rainy season, and often, — 
as far as malaria is concerned, — it is found be'tter not to attempt drainage, but 
to bring in rivor water so as to raise tho general level and thereby reduce tho 
amount t>f edge round which the mosquitoes breed Hence the “ flood- 
flush ” drainage schemes Good results have been obtained by the application 
of this principle'. With the river water, silt and fish are brought into tho 
channels, ditches and tanks, and these are mimical to mosquito breeding. 
Also the silt helps m the gradual building up of lowland, and the fish, when 
developed in the tanks, form a useful article of diet Of course the connection 
with the river is controlled by a sluice, so that in case of extraordinary high 
flood in the river, tho flow in the flood-flush channel can be restrained so as 
to avoid damage to property from exeessivo flooding An alternative to flood- 
flushing m low-lying areas is the application of power for pumping off tho 
water. In urban areas, where the surface water must be removed from the 
vicinity of habitations, underground seworago systems are constructed. These, 
with their pumping stations, of course are expensive. As a rule they do not 
oome within the range of practical politics unloss they serve a double purpose, 
i.e. the conservancy system of the town must be dealt with in addition to the 
drainage of low-lying aroas. But the possibilities of removal of surplus water 
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by means of simple surface drains and modem types of pumps must not be 
overlooked. When cheap electric power is available, as in the Calcutta area, 
neither the capital nor running cost is high. A low level tank can be con- 
structed or an existing tank or series of tanks can be made use of to act as 
a storage reservoir to receive the water from the land to be drained, and by 
means of a pump of moderate size and cost, the water can be pumped away at 
leisure. An example of this can be seen at the Jodhpur golf course, where a 
pump driven by a 4 horse-power motor deals satisfactorily with an area of 
80 acres. The power required for the pump is so small, because, the height 
through whioh the water is lifted is only six feet. 

In a deltaio area, the land near the river-bank is above flood level, while 
further away from the river it is below flood level. It follows that there is a 
natural line, — roughly parallel with the river, and at a certain distanoe from 
it, such that, between the line and the river the policy of land raising and 
natural surface drainage should be pursued. Within that area excavations 
should be discouraged. If there were no small tanks and ditches in that 
area, there would bo very little mosquito breeding On the other side of 
the line, the digging of tanks, excavations for brickworks, and other works 
to provide earth for Ailing purposes, may be allowed, — for, during the flood 
season, the low ground wdl become one shoot of wator and there will be 
no mosquito-breeding edge 



PHYSICAL FACTORS IN MOSQUITO ECOLOGY 

By R. Senior- White, F R.S.E . F.R E <S\, ERST M & H . 

M R San l , Malanologist, B N Railmiy 

( Read at Symposium , August 27-28, 1937 ) 

Whilst it has boon tho common oxporionco of all field workers on Malaria 
from tho original investigations of Stephens and Christophers (1902) that tho 
various species of Anopheles have different breeding places, and that in one 
single breeding place a succession of species mav bo found at various seasons, 
the chemical and physical factors that cause such phenomena were not inves- 
tigated until the pioneer work of MacGregor (1921 ) on the influence of hydrogen- 
ion concentration Hir preliminary conclusions were that A rrmculipenms 
became diseased in acid waters Tho samo author (MacGregor, 1 924) continued 
his English observations in Mauritius, and reached the generalization that 
Anophelines are alkaliphiles, and Culicines acidiphiles In the same year 
Buxton (1924), on a third Anopheline Fauna, that of Palestine, found six species, 
all in alkaline water The present author (Senior- White, 1926) published 
the first really long series of larval-pH findings, made in Ceylon, finding that, 
though for each species there appeared to lie an optimum value, the range 
found for tho majority was very wide, almost, in fact., that of the whole senes 
of waters oxarainod The conclusion reached was that, only extremes, both 
of acidity and alkalinity, are inhibitory to breeding But, from an investiga- 
tion of tho ‘ residual pH that is the value after expelling CO, by shaking 
or boiling, it was found that., for Anophelines at least, acidity other than that 
due to Q£)| is definitely inhibitory. The first, conclusion, that, only extremes 
of ‘actual ’ pH have any inhibitory effect, was confirmed by experimental 
work by Buxton (1927) Later, in East Central Tndia and at Delhi, it was 
shown (Senior- White, 1928) that nmo species common t,o Ceylon, East. Central 
Inlia and Delhi exhibited very different toleration limits and evon optima in 
these three areas, and that therefore pH per se was not the controlling factor m 
making water suitable or otherwise to various species of Anopheles. 

MacGregor (1929) summed up all work on this factor to early 1928, and 
made careful laboratory experiments. His conclusions are ‘ (a) if the pH of 
the normal environment is changed the development of the larvae is adversely 
affected : ( b ) this statement is not true under bacteriological ly sterile condi- 
tions : (c) consequently the acid or alkaline reaction of the medium, within 
ordinary limits, has no diroct effect on the development of tho larva? ’ He 

ooncludos that ‘pH is of unquestionable importance in 

thab it indicates the favourable or unfavourable association of 

ohemieal and biological factors in the breeding places.’ 
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Thus pH is no more than an ‘ indicator and other factors have to be 
evaluated. 

The study of other chemical water factors had been commenced in 1922 
by Lambom (1922) in Malaya, using a few analyses performed for him on nine 
measurable factors, from which he was unable to deduce any certain conclu- 
sions. Purdy (1925) failed to obtain larval correlationa with pH, dissolved 
oxygen or mineral solutes. Hacker (1923) was able to correlate the abundance 
of two species, one a vector and the other harmless, with the albuminoid content 
of the waters, the earner being most common in the presence of low values, 
the non-oarrier of the opposite. 

The present author took up the study of various chemical factors in 
addition to pH (Senior- White, 1926), measuring dissolved oxygon, mineral 
solutes (by conductivity) and saline ammonia It was shown that high dis- 
solved oxygen content appeared to favour the use of natural waters by Ano- 
phelines, and that this was especially important m rice fields, but the principal 
disoovery announced was that saline ammonia m amounts of less than 1 ppm 
was inhibitory to natural looter breeders, especially Anophelmcs In a later 
communication (Senior- White, 1928), in addition to pH, the following factors 
were studied and shown to be of no valuo in controlling breeding — Conduc- 
tivity, oarbonates and albuminoid ammonia. Residual pH and dissolved 
oxygen after further work may still be studied in the hope that they will yield 
results of value Phosphates in fresh water appear to he much loss important 
than thoy are in sea water, but are worth further study. The conclusions 
formerly arrived at with regard to saline ammonia were confirmed for three 
vector species studied but not for the non-carrior subpictus. This value has 
since been confirmed by Beattie (1932)* for a Neotropical species, which nIiows 
this criterion is the only one of importance so far discovered Whether it is 
applicable to all the 170 known species of the genus Anopheles is, however, 
quite another matter, still unuivestigated. The factor is not, however, a real 
one. It cannot be repeated in the laboratory, where larvae can withstand far 
higher concentrations (up to 100 times) of various ammonium salts than the 
natural limit. An old paper by Waddell (1902) was found, m which 250 p.p.m 
of liquor ammontce were found to be fatal to mature larvee But such concern 
trations are quite unlikely to occur m Nature. The factor, therefore, that wo 
measure as saline ammonia must be only one in somo way correlated with NH4, 
and not that ion itself. 

Williamson (1928) took this investigation a step further, and showed 

that the inhibitory effect was obtained whon the relationship - -- - -- ■ N< 1 . 

ammoniacal 

This suggests that the process at work is probably bacteriological, and so 
would explain how it is that the dissolved oxygen content appears to have 


* Buxton’s (1034) analysis of this author’s findings should be studied pari passu 
^th the original paper. 
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some connection with mosquito breeding, though Iyengar (1929) failed to trace 
much connection. On tho other hand Bekhemlishev and Mitrophanova (192(1) 
state that an optimal breeding place is characterized by oxygen saturation 
or supersaturation and a basic reaction, though they are without ‘ immediate ’ 
vital importance to the larvse. I think the Russian authors, bv ‘ immediate ’ 
mean ‘ direct The quotation is from their own English summary 

Beattie (1930) repeated in England tho methods of earlier workers abroad 
She failed to obtain any correlation with Raline ammonia, but her findings for 
this factor were never in excess of 0 6 p p m She considered that pH, H 2 S, 
total organic nitrogen and dissolved oxygen had some bearing on the m< ideiue 
of maculipennin and bifur cat us, but her results are not very convincing 

An entirely new line of work was opened up in 1932 by Hinman (1932) 
and (1932 A), who showod that Anopbelino larvae could utilize material in solu- 
tion ancl colloids m suspension m Seitz- Werko filtered water, but not m the 
dialysate from such water He refers to ammo-acids and monosaccharides 
particularly This was independently worked at by Shipitsma (1930) Both 
authors seem to have been following the stall unproved theory of Plitter (1911) 
regarding the alimentation of marine organisms In this connection Hmniari 
( 1932B) has studied t he enzymes of the digestive t raet of larva 1 , finding am ylase, 
invertaso, (sucrose) xylanase and a protease acting in alkaline medium Nega- 
tive results were obtained for maltose, lactase and an acid medium protease 
This work was dono with Culioines and not Anophelmes. He points out 
that his protease finding is in accordance with my work on the pH of the 
intestinal tract, done with Anophelme larvae (Senior-White, 1926) as well as 
Culicmes 

Morin and Bader (1933) wore the next in t.he field They found that the 
freed- half bound , ... , , . , , 

ratl ° "to^araikalinity"^ , ' > ^ 1,1 Wtttor t iat ’ waN l ,p t**dmg Anophelmes 

Thoy developed this thesis further the following year (Morm and Bader, 
1934), and pointed out that upward seepage through clay at certain seasons 
permits of tho brooding of various species normally confined to springs and 
the upper reaches of rivulets, but thoy have so far failed to pursue the matter 
further. The authors have, however, definitely ‘ got something ’ out of a 
factorm which I (Senior- White, 1928) had failed to find anything of significance 
The present position has been summed up by Williamson (1936), in a 
publication which must be consulted by anyone interested m the subject. 
According to the later work of this author (Williamson, 1936A) it would nowi 
appear that it is not so much the water itself, as the underlying soil, which 
determines whether malarial vectors do or do not breed in the water Excess 
albuminoid nitrogen in the presence of deficient oxidation characterizes non- 
malanal soil. Below a soil nitrogon content of 0 1%, malaria is to bo expected 
from standing surface water . at levels much above 0 3%, stagnant, shallow 
waters are inimical to all Anophelmes. A high degree of nitrification, giving 
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a high ratio of nitrate to ammoniacal nitrogen, indicates adequate oxidation 
and is compatible with the breeding of malaria carrying Anophelines. 

Thus the studies of single factors, which have yielded by no means conclu- 
sive results, as has been shown, have, through the genius of Williamson, been 
combined into a compound factor made of the interaction of ammonia and 
oxygen which has not only immensely clarified the problem, but opened up 
the way to ‘ naturalistic ’ methods of malaria control, the secret of which, in 
many instances, is seen to be better agriculture, raising the soil nitrogen content. 

That author's ‘ herbage oover ’ method of stream control, recently shown 
by myself (Senior- White, 1936) to have great possibilities, is another method 
of producing excess albuminoid nitrogen in the presence of deficient oxy- 
genation. 

It has long been apparent to all workers that chemical larvicides have a 
most limited application owing to their excessive cost, and are, in fact, quite 
unsuited to the vast rural tracts of this and other Tropical Countries Cheaper 
methods will have to be evolved if anything is to be done for rural malaria 
generally. We now see that by further work on the points so far discovered 
the method can be envisaged from afar, by improving the standard of agri- 
culture by soil enrichment, a method which will doubly benefit the villager 
by raising his standard of living. We come to purely agricultural methods 
os our main weapon of attack, the raising of fodder orops, the stabulation of 
cattle, the conservation of cow-dung for manure instead of its wasteful expen- 
diture as fuel. These are questions for the agriculturist and the economist, 
rather than the malariologist, who can only strengthen the hands of these 
professions by pointing out that sucoess m their immediate object will, in time, 
lead to the control of the 4 King of Tropioal Diseases ’. 
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ANOPHELES LUDLOW 1 1 (A. SUNDAICUS) SURVKY IN AND 
AROUND CALCUTTA 

By P. Sen, M Sc ( Cal ), Ph D (Loud ), D.I G , Entomologist I/U, Anopheles 
ludlown Survey, Bengal Public, Health Department 

(Read at Symposium, August 27-28, 1937 ) 

Introduction 

Tho oarlior records of Anopheles ludlown (Thoo ) from Bengal was that of 
Anopheles sundaicus (Rodenw ), as we know now, and is regarded as tho 
correct name for thm mosquito as already pointed out by Coveil (1932) It 
haH received so much publicity by its former name of ludlown which, although 
not accept od by recent authorities, is still used in offiaal records as tho name 
is better understood by local bodies. Tho spoeies Anopheles sundaicus normally 
breeds in water containing salt in various concentrations, and is a virulent 
carrier of malaria In Bengal it has long been known as a coastal specif s, 
being mainly restricted to tho Sundarbatis, but within tho last six years the 
breeding of the species has been more and more intense in the inland areas. 
Thus, barling tho exceptional record by Brahmachari of the species breeding 
temporarily in the Campboll Hospital tank within Calcutta in 1912, this 
mosquito was not known to have established itself anywhere nearer to Calcutta 
than Port Canning on the Mat la River about 28 miles from the city prior to 1930, 
when tor the first time the species was recorded by Iyengar (1931 ) from Budge- 
Budge and Chengad, both beuig situated on the River Hooghly but on opposite 
banks and within 18 miles of Calcutta This invasion in 1930 caused a heavy 
outbreak of malaria in both Budge-Budge (tho spleen rate rising as high 
as 91% in some places) and C'hengail (the spleen rate jumping to 74% in the 
worst plaeos) A natural apprehension was felt that, should the species spread 
furthor northwards and over establish itself in the Salt. Lake area east of the 
city, the health and prosperity of Calcutta would lie endangered. Tho then 
Director of Public Health, Bengal, therefore advised the Local Covernment 
that a-iletailod investigation was necessary in order to trace tho distribution 
of the species along the various tidal rivers and swamps in the neighbourhood 
of Calcutta. As a result of this move, a systematic survoy has been mado to 
locate the brooding places of the species since 1931. The survey reports 
prepared by me and my colleagues from time to time havo boon utilizod by 
Senior-White (1937) in compiling the distribution of the species in a vory recent 
paper. 

Distribution of the Species in Lower Bengal. 

Almost from the very beginning Anopheles (ludlown) sundaicus survey 
work has been proceeding along two distinct lines, (1) the river-side areas 
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including the places served by the rivers Hooghly, Bidyadhan, Iclihamati 
and the various channels leading from these, and (2) the Salt Lake areas to the 
east of the city including the fringe areas of Calcutta. There are several 
railway systems intersecting the river-side areas and the survey parties were 
despatched along each of these lines in successive periods almost regularly. 

Riveb-side Abeas. 

The first evidenco of the prevalence of the species in other areas outsido 
Budge-Budge and Chengail along the River Hooghly was discovered in June 
1931, almost immediately after the commencement of the present mvestigation, 
when the species was recovered from Falta (spleen rate 12*5) proper and about 
a dozen villages surrounding it in the lower reaches of the River Hooghly on 
the same bank as Budge-Budge At the same time a largo number of infected 
adults of the species was detected as being transported through K.F. Ry. 
trains to Majerhat, a little beyond Alipore from this zone. The Falta focus 
extended to Shivanipur, Sirakole and finally to Bishnupur about 10 miles away 
in 1934. The upper limit of the speoies along tho left bank of the rivor appears 
to be Shamnagar which is 19 miles away, where the species in its winged form 
occurred as far back as 1930 (Iyengar, Covoll), but the breeding in this area 
could not be traced until 1933. The same year adults of the species were 
found in Pujali and Mayapur, 1 a place of commercial importance nearly 5 
miles south of Budge-Budge, which was under tho effective control of the 
Government mti-ludlami staff and the spleen rate to-day has come down to 
2 6 only. A little further down a fresh focus appeared in 1934 at Godakhah 
almost half-way botween Falta and Budge-Budge, thus by 1934 tho whole 
tract between Falta and Budge-Budge being involved. 

The species was not quiescent in tho upper reaches of the River Hooghly, 
and surveying above Calcutta it was found to be breeding in 1933 in 
Dakshmeswar not far from Calcutta, being within 9 miles, and having direct 
communication with the city by bus and steamer semoos There was some 
lull after this, and it was only in 1935 that active dispersal of the species took 
place along the upper reaches, when Cossipur (Sinthi), Dum-Dum which is 
within 5 miles (Bpleen rate 10 0 to 13 0), Khardah (12 miles) and Ichhapur 
(17 miles), all very important industrial areas, were infested with the species 
The same year adults were caught at Chitpur Lock Gate within Calcutta near 
Baghbazar. Panihati and Sodepur (10 miles away) showed some breeding in 
1936. This completed the infestation of the entire riverine tract between 
Calcutta and Shamnagar oovering an area of 19 miles. Madhyamgram 
(11 miles) along the Bongaon section of the E.B. Ry showed some casual 
infestation in 1936. 

It seemB curious, however, that in spite of the widespread distribution 
of the speoies from Budge-Budge to Falta and from Calcutta to Shamnagar 
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along the left bank of the Hooghly, the tract lying between Budge-Budge 
and Calcutta was free from any brooding until the current year, when Akru 
(13 miles) nearly half-way between Budge-Budge and tho Garden Reach area 
and within a short distance of the Calcutta shipping range was involved in tho 
breeding 

From previous records it is evident that the species was breeding inChengail 
area (17 miles from Howrah) in 1930 (Iyengar, 1931) Since then evidence 
of the distribution of the species more generally has been recorded The first 
finding by the newly constituted survoy party on this bank was at Uluberia, 
nearly 20 miles away from Calcutta on the B N.Ry and about 3 miles west 
of the old, l.o. 1931, focus of Chengail This detection was made following 
the capture under interesting circumstancos of adult A sundaicua in a Uluberia 
train at Howrah, thus providing another example of the transportation of the 
species by train The following year 1932 was very favourable for the dispersal 
of the species in the area. By 1933 the Chengail focus had extended both east 
and west to Bauria (15 miles) and Fuleswar (19 miles), followed by an epidemic 
of malaria in the latter place (the sploen rate rising to abovo 15 per cent) which 
was formerly a healthy area, and infective stages of the mosquito were recorded. 
These findings were of great concern to the B.N Ry organization, since the 
health of the whole Bauria-Uluberia section of the railway was in danger, and 
the railway had therefore to take up active control measures for this area. 
The previously existing Government control work at Chongail, which was 
originally taken up to safeguard the interest of the jute mill owners, merged 
into that of the railway control measures. 

In 1933 an important detection was made ot tho widespread dist ribution of 
the species at Belur m close proximity to the E I Ry. colony at Lillooah and 
within four miles from Calcutta. This finding resulted in the formulation of 
the first anti -ludlowii scheme at Lillooah (4 miles), a station of great importance 
under the- E I.Ry The upper limit of this species along this bank was also 
established in the same year by tho detection of tho species breeding in 
Mankundu (19 miles) and of adults only in Telenipara under the Bhadreswar 
Municipality, being almost opposite Shamnagar on the other bank. Thus, 
from the beginning the species was breeding in areas widely apart, and it was 
not until the next year 1934 that the Belur focus spread further inwards to 
Uttarpata (6 miles), a distance of 2 miles from Belur Further progress 
was made in 1930 when the species was established in Konnagar about 9 miles 
from Calcutta. An addition was made to the list by the finding of the species 
m Baidyabati about 15 miles from the city during the current year. Thus, 
practically the entire tract between Calcutta to Mankundu and as far as 
the border line of Chandemagore is within the range of sundaicua invasion. 

Along the B.N.Ry. traot further dispersal occurred m 1935 when adults 
were recorded from Andul, about 8 miles away, and Sankrail (10 miles), which 
is almost opposite Akra on the left bank of the river. Both in Sankrail and 
Akra (E.B.Ry.) the species has been breeding during the current year. 
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As regard® the nature of dispersal of the species northwards towards the 
city from Port Canning (28 miles), which appeared to be within the aundaicua 
zone, it began as early as 1909. From the very year of commencement of 
the special survey work in 1931, the species was recorded not only from Port 
Canning and several villages near it, but from as far northwards as Piali village, 
about 21 miles away, and the villages Bansra and Manasapukur under the 
Protapnagar Police Station on the Bidyadhan River. The species spread to 
Champahati (20 miles), a mile to the north of Piali station, in the year 1932, 
and was generally distributed along the courses of the rivers Piali and Bidya- 
dhari Taldi (23 miles) and Lakshmipur, between Port Canning and Piali, 
were also heavily involved in the breeding. Thus by 1933 it was discovered 
that the portion of the country between Port Canning and Champahati was 
breeding the species profusely and tho endemicity was high in the area, 
being above 60 per cent in some places. Ghutian Sharif anil the neighbouring 
villages along this section became involved in 1936 

Another important focus, also detected in 1931, was that of Hashnabad, 
44 miles away from Calcutta, where the specieB was breeding in six villages 
including the influential town of Taki (42 miles). An additional focus along 
the B.B.Ry. line croppod up in the year 1932 when the species was recorded 
from Basirhat and Toparchar, about 36 miles away, in large numbers, and 
by 1934 these mefrged into one huge tract of sundaicua-mfectcd area by the 
species starting to breed in the intervening stations between Taki and Basirhat. 
The distribution of the species in the various bheds round about Haroa Khal 
station, about 11 miles away along the same line but leaving a considerable 
gap from Basirhat, was detected for the first time ill 1934. Infected specimens 
have been known to be transported to Shambazar (Calcutta) through the 
B.B.Ry. trains from time to time. 

The same year, i.e. 1934, gave a more thorough picture of the distribution 
of-the species along the various tidal rivers and khcds on the north-east of Port 
Canning and also along the bank of the Ichhamati River past Hashnabad as 
far as Swarupnagar. The vast undeveloped water-logged area bounded by 
the river Bidyadhari and the Gobra Khal, involving the three important police 
stations, — Port Canning, Bhangore and Sandeskhali — was all a aundaicua- 
infested zone. Several villages on the bank of Ichhamati, including Baduria 
and Swarupnagar, were also involved by 1934. 

Active dispersal of the species was revealed as a result of our survey 
in 1936 in the tract lying between Baruipur, 16 miles from Calcutta, and 
Diamond Harbour (37 miles south of Calcutta) on the one hand and Joynagar 
(31 miles to the south) on the other. The invasion of aundaicua in these areas 
resulted in an outbreak of malaria at Baruipur and Joynagar in the autumn 
of 1936, the spleen rate reaching above 40-0 per cent. Sundaicua invasion 
along the line was more intense in the following year, when the species was 
recovered from a village (Noapara) near Sonarpur (11 miles) and the entire 
tract from Garia (8 miles) to Dhakuria (4 miles), the last-named place being 
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within one mile of Ballygunge, was mvolvod Adult A mndatcm, evidently 
emanating from the Dhakuria focus, was actually reported by Senior-White 
from Ballygunge, a suburb of Calcutta, during the last year. 


Salt Lake Area. 

Tho history of the establishment of the spedes in the Salt Lake area 
to tho oast of the city is much moro interesting. An eye was always kept 
over this area from the commencement of the survey work in 1931 
Nothing, howover, beyond the capture of adult A. suncUncm at Kristopur 
on tho eastern border of the lake, from a boat which evidently passed through 
the sundatciM-infested zones on her way to the city, thus providing an example 
of a good means of dispersal of the species by tho country-boat, was recordod 
in that year It was only towards the end of 1932 that any active breeding 
of the species could be detected from the lake area and that too only from tho 
portion bordoring Noapntty closo to Kristopur on the oastom shore. The 
authorities grow more anxious to protect tho city from an invasion through 
this route, but before any active measures could be taken the species made 
headway towards the western border of the lake adjoining the eastern fringe 
areas of Calcutta, and the entiro mass of the brackish water collections from 
Chmgrighata to Noaputty, a strotch of about 12 miles, was under sundaxcus 
occupation by the end of 1933. Once established in the lake, the onslaught 
of the species was easier, and in tho same year the species actually started 
breeding in Nebugola under ward 28 of the Calcutta Corporation. The appre- 
hension of sundaicua malaria m the city was justified, since in July 1933 an 
epidemic of malaria broke out in that ward, the spleen rate rising to 20 0 per 
cent, and infected specimens of tho species to the extent of nearly 7 0 per cent 
were recorded from the area. Bofore the close of tho year 1933, Pagladanga 
in ward 18 was also involved in tho breeding of the species More and more 
infiltration occurred during the succeeding years, ami in the years 1934 and 1935 
the species also invadod tho most interiorly situated villages of the lake as well 
as parts of ward 29 of the city More wards of the city were involved m 1936 
when heavy breeding was recorded from Tangra, a populous part of Calcutta, 
in addition to Pagladanga in ward 18, where the species was prevailing from 
1933 as well as from Dhapa and Topsia on the south-eastern fringe area of 
Calcutta. The species again justified its reputation by causing an unprecedented 
epidemic of malaria in this newly invaded locality of Calcutta m the autumn 
of 1936, when the spleen rate in somo places went as high as 96 per cent. Infec- 
tivity in the species was recorded of about 3 per cent during November of the 
same year. The current year saw the spread of the species in Ghughudanga 
and Satpukur under ward 31, and we are apprehending an outbreak in the near 
future in this locality also. This brings to a close the position up to date of 
tundaiew distribution in and around Calcutta, but the survey is by no means 
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complete and the breeding of the species is being detected from most unexpected 
■pots as time passes. 

In conclusion, it may be mentioned that the species is migrating more 
towards human habitations year after year. This migration has been helped 
in many places through the agency of transport either by train, country-boat, 
or perhaps by bus as has been sufficiently indicated from the catches made at 
the different railway stations, such as Majherat, Sealdah, Shambazar and 
Howrah, from time to time, as also from the lock-gates at Baghbazar and Kulti. 
Onoe transported near human habitations the species takes to its new environ- 
ment and its great adaptability to various ranges of salinity, even to fresh 
water, is an additional advantage to the species for establishing itself m a new 
area. In reoent years the species, although normally a brackish-water breeder, 
has established itself in many places in what may be considered as fresh-water 
breeding plaoes. To-day it is breeding freely on the one hand in the 
highly brackish or salt waters of Diamond Harbour and Port Canning (Matla), 
the salinity varying from 600 to 1 100 parts per 100,000, as also in the practically 
fresh waters of Mankundu or Shamnagar on the other hand, having a salinity 
of 5 to 7 parts per 100,000. It has been a oommon experience of workers in 
estuarine and deltaic faunas that there is always a transformation acting on 
the life of animals which brings about a change in their activities from sea to 
fresh water, and at indaicus offers a unique example in support of such observa- 
tions. The heavy rainfall, large tracts of tidal areas with embanked portions 
of water, uniform soil condition and high temperature with heavy moisture 
contents have all been helpful in the distribution of the species. The attack 
of inland waters by the species in the different years has been through different 
routes and the species when it first invades an area exhibits a somewhat terri- 
torial phenomenon, having a distinctly localized distribution, but as years roll 
op these areas, as we are gradually realizing, have been practically merging 
into one another, and truly ‘ the invasion of fresh water from the sea is a slow, 
hard fought struggle ’ (Pearse, 1932). 
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NATURAL PARASITES OF MOSQUITOES IN INDIA. 


By M. O. T. Iybngar, B.A., F.Z.8., F.R.8.T.M. d> H., Entomologist, 
Bengal Public Health Department. 

(Read at Symposium, August 27-28, 1937.) 

Several organisms have beon recorded as parasites of mosquitoes, but only 
a few of them appear to be of importance in the economy of nature in the 
control of mosquitoes One should, however, differentiate between parasites 
and epiphytes which do not obtain their nutriment from the host, as for 
example Characium anophelesi and Vorticella Sometimes cortain saprophytes, 
as for example the fungus Saprolegnia observed frequently on dead larvae , 
are mistaken for parasites Such fungi are really saprophytic and they come 
in only after the death of the larva 

The parasites recorded fall into the following groups : (1) Bacteria, 
(2) Fungi, (3) Protozoa, (4) Nematodes, (5) Trematodes, (0) Insects, and 
(7) Acarines. 

Perroncito observed an organism resembling Leptothrix bucealts infesting 
Anopheles macuhpennis, but no other bacteria have been recorded as causing 
any morbidity in mosquitoes. Among fungi, the Entomophthoracose are 
known to cause death in adult mosquitoes. Liston (1901) mentioned a fila- 
mentous fungus resembling Trichiphyton in Anopheles larvae. Laveran (1902) 
observed a yeast in the body cavity of Anopheles maculipennis Vaney and 
Conte observed Botrytxs bassiana in larvaB of Oulex pipiens. Keilin (19216) 
described Coelomomyces stegomyice in larvae of Stegomyta sculeUaris and 
Iyengar (1936) described two species of Coelomomyces parasitic in Anopheles 
larvae. 

Protozoa : Jaffe (1907) observed a spirochaete (Spirochaeta culicis) in 
the gut of mosquito larvae in Germany, and Sergent and Sergent (1906) observed 
a similar organism m larvae of Anopheles maculipennis in Algeria. Their 
pathqjogical importance is not known -A gregarine ( Lankestens culicis) 
parasitic in mosquito larvae was studied by Wenyon (1911). Leger and 
Dubosq (1902) found a Diplocystis infesting mosquito larvae in Corsica. A 
sohizogregarine (CaulleryeUa anopheles) was observed by Hesse (1918) in 
larvae of Anopheles bifurcatus in France. Among microsporidia a large number 
of forms was found to parasitize mosquitoes (Kudo, 1924). The genera con- 
cerned are Thelohania, Nosema, Plistophora and StempeUia. Among ciliates 
Keilin (1921a) found Lambomella stegomyice in the haemocele of Stegomyia 
scuteUaris in Malaya. Species of Cnthndia have been observed in the gut of 
mosquitoes but they do not appear to cause any morbidity in the hosts. 
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Trematodes : Larval trematodes have been observed in mosquitoes and 
often cause the death of the host (Sinton, 1917). The further development of 
these trematodes appears to be in the body of fish (Soparkar, 1017). 

Nematodes : Several observations indicate that genera belonging to the 
family Mermithid® are frequent parasites of mosquito larv® and adults 
(Iyengar, 1929a). They cause a fair degree of mortality. 

Acarina : Several genera belonging to the family Hydrachnid® have 
been observed as ectoparasites of mosquito larv® and adults. The forms 
found on mosquitoes are the larval stages of these aoarines ; their adult stages 
are aquatic and free-living. 

Insects : Only one insect, Cvlicoide a anophelia, has been observed parasitic 
on mosquitoes. This midge is an ectoparasite of adult mosquitoes and sucks 
the body fluid of the host, but it does not kill the host It remains fixed to 
the abdomen of the mosquito by means of its mouth parts. The larv® are 
free-living. 

In the above list, many of the parasites are of doubtful importance as 
agents in the control of mosquitoes. Considering the incidence and the 
morbidity caused in the hosts, the following are of importance in India • 
(1) Coelomomyces, (2) Microaporidut, and (3) MermUhidce. 

1. Coelomomycea. 

This genus is probably allied to the Ghytndvalea but its affinities cannot 
be determined until the sexual phases are known. We have two species in 
India, 0. indiana and C. anophelesica, both of which infest Anopheles larv® 
and adults and cause considerable mortality. Several species of Anopheles 
have been observed to be susceptible to this infection. The vegetative forms 
consist of multinucleated mycelia in the hremocele of the mosquito and are 
attaohed to the fat body by means of minute hypb®. Sporangia are formed 
by apical constriction of the mycelium A heavily infested larva is filled 
with numerous yellowish sporangia. The infection is fatal to Anopheles 
larv®, and the pathological changes consist of the disappearance of the fat 
body and the suppression of the development of the imaginal buds. The larva 
is generally killed before pupation. 

2. Mieroaporidia. 

Three genera of Miorosporidia were recorded by me infesting mosquito 
larv® in India, namely, Thelohania, Nosetna and Pltstophora. 

Nosema attacks the epithelial oella of the midgut while the other two genera 
infest th$ adipose tissue of mosquito larv®. These parasites cause consider- 
able mortality in the infected hosts (Iyengar, 19296). In heavily infected larv®, 
the further development of the larva is arrested and the larva dies liberating 
the spores into the water. Their life-histories consist of a schizogonic cycle 
and a sporogonio cycle. In Noaema, the spore mother oell forms a single spore, 
in Thelohania it forms an octospore, while in Plietophora it forms more than 
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16 spores. The spores are minute and dehisce by extrusion of a polar filament, 
a characteristic of this group The infection happens through swallowing the 
spores. 

3. MermithuUe 

Those worms live in the hsomocele of the host and cause considerable 
mortality. The parasitic stages are the larval phases, the adults being free- 
living and short-lived The life-history of Mermta parasitic in Anopheles 
larva) was described by Iyengar (1929) These worms escape into the water 
by rupturing the body-wall of the larva After some tune m the watei, they 
become sexually mature and give birth to numerous young larvie which 
swim about in the water This is the infective stage and they gain entrance 
into the hsemocele of a new host by piercing through the cuticle of tho larva 
Tho species infesting mosquitoes in India have not been specifically determined 
These three groups constitute, in my opinion, the parasites that play a 
significant role in the natural control of mosquitoos in India Our knowledge 
of these different parasitos is admittedly meagre , further studies aro indicated 
m regard to their distribution, incidence, life-history, and ecology Until 
further information on those points is available, it. is difficult to answer the 
question which comes to one’s mind, ‘ Can those parasites bo utilized for a 
biological control of mosquitoes 1 ’ 

References 

Homo, E (1918) C K Acad Sc* , CLXVI, p 509 
Iyengar, M O T (1929a) Trans F E A T M , 7th Coru/rcss, 111, p I 2H 
Idem (19296) Ib*d, III, p 138 

Idem (1930) Parasitology, XXVII, p 440 

Jaffe, J (1907) Archtv f Prottsltnkunde, IX, p 100 
Keilin, D (1921a) Parasitology, XIII, p 216 
Idem (19216) Ihtd , XIII, p 225 
Kudo, R (1924) Illinois Biol Monographs, JX, Nos 2 and 3 
Laveran (1902) C R Soc Biol , LIV, p 233. 

Leger, L and Duboscq, O (1902) ♦ Quoted by Kodin (19216) 

Liston, W. G. (1901) Ind Med Oaz , XXXVI, p 364. 

Bergen t, Ed. and Sergent, Et (1906) G R Soc Btol , LX, p 21)1 
Sinton, J A. (1917). Ind Jour Med Res , V, p 192 
Sqparkar, M. D. ( 1917) lbul , V, p 512. 

Wenyon, 0 M (1911) Parasitology, IV, p 273 




TRANSMISSION OF P. INUI TO MAN. 

By B. M. Das Gtjpta , Offg Professor of Protozoology, School of Tropical 
Medicine, Calcutta. 

{Read at Symposium, August 27-28, 1937 ) 

Introduction. 

Blackloek and Adler (1922) observed malaria parasites in the blood of a 
chimpanzee in West Africa, some of which resembled P vwax, some the 
band forms of P. malance, and some the crescentic garnet ocytes of P falci- 
parum. Attempts wore made to transmit this infection to man both by blood 
inoculation and by mosquito-bite (A costalis), but noithor method proved 
successful. 

Berenberg-Gossler (1909), and Gonder and Rodenwalt (1910) failed to 
infect man with a similar plasmodium subsequently classified by Sinton and 
Mulligan (1933) as P mui var. gonderi. Attempts to transmit P. brasilianum 
to man were made by Clark and Dunn (1931), but it is doubtful whether these 
wore successful. The first undoubted infection in man with a species of 
monkey plasmodium was obtained by Knowles and Das Gupta (1932) with 
P. knowlesi, when 3 human volunteers wore infected with this parasite. In 
these cases, tho incubation period varied from 7 to 20 days and fever lasting 
about a week was observed in each case. Parasites usually appeared 1 or 2 
days before febrile symptoms were observed and they persisted in the blood 
for some time after the disappearance of fever. Although the body tempera- 
ture sometime rose above 104°F tho number of parasites in the blood was 
never high In all three cases recovery was spontaneous. Those observations 
wero later confirmed by Nicol (1935), by Ciuca el al. (1935), and by Van Rooyen 
and Pile (1936). 

Material and Methods employed 

The strain of P. inm used for tho present experiment was received in 
November, 1935 through the courtesy of Lt. -Col J. A. Sinton, IMS., then 
Director, Malaria Survey of India This strain has since lieen maintained by 
passage through a series of four monkeys of which the first three were S rhesus 
and tho fourth S. irus In order to exeludo the possibility of a latent malarial 
infection in the latter monkey, repeated and exhaustive blood examinations 
were made and the results were consistently negative. In addition, 2 co. of 
blood from this monkey were inoculated into a specimen of 8 rhesus but no 
malarial infection subsequently developed in tho latter animal. There is a 
strong probability, therefore, that this specimen of S. irus was free from natural 
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malarial infection. When, however, it was inoculated with P. inui, parasites 
appeared in the peripheral blood 9 days after inoculation, and a low grade 
infection with typical P. inui parasites developed. 

Since it was found by Knowles and Das Gupta (1932) that a large dose of 
parasites was required to ensure successful transmission of P. knowkst to man, 
it was considered desirable in the present experiment to inoculate as many 
P mui parasites as possible The specimen of S. t rus which was selected as 
the donor animal for this experiment showed only a scanty infection and it 
was thought desirable to increase the prevalence of parasitos by splenectomising 
this animal. On the third day after splenectomy about 32 per cent of the red 
cells were infected and the monkey was obviously ill. It was accordingly 
anflesthetised and 0 cc. of blood were obtained by cardiac puncture. This was 
defibnnated and injected intramuscularly into the human volunteer The 
latter was in good health apart from a scaly skin affection of the forearms and 
wrists. This individual had been experimentally infected with Spirillum 
minus about eight months previously m order to determine whether there was 
any acquired tolerance to re-infection in rat-bite fevor. With the exception 
of some febrile attacks induced by tho inoculation with Spmllum minus, the 
volunteer gave no history of fever for several years previously. 

Results 

Twenty -three days after inoculation with P. tnut from the splonectomised 
S. irus very scanty parasites were detected in the blood of the human volunteer. 
The number of parasites increased slightly during the seven days that followed 
and the forms encountered were rings, trophozoites and very scanty schizonts. 
Gametocytes were not seen at any stage of the infection. On the 28th day 
after inoculation the patient’s temperature began to rise, but febrile symptoms 
were present only for three days and the maximum temperature observed was 
102°E. On the 29th day after inoculation 5 cc of the human volunteer’s 
blood were injected intravenously into a young specimen of S. rhesus. A 
scanty infection with typical forms of P. inui developed in the latter animal 
on the eighth day after inoculation. This infection also remained a low grade 
one up to the time of writing (22nd day after inoculation) during which period 
no clinical symptoms had been observed in this animal. Owing to the small 
number of parasitos available for study in this monkey it has not been possible 
to determine the duration of the schizogony cycle accurately 

i , Discussion. 

In the writer’s opinion there can be little doubt that the infection pro- 
duced in the human volunteer was one with a pure strain of P. inui. This is 
borne out by the fact that the infection appeared within a reasonable incubation 
period, that the morphology of the parasite was typical of a pure infection 
with P. mui, and that when tho infection was subsequently passed to a clean 
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specimen of 8, rhesus the resultant infection was m every way typical of 
P. inut infeotion in this species of monkey 

There are, however, certain other possibilities which must be excluded 
These include • (1) the possibility that tho human volunteer had a latent 
malarial infection which Hared up as the result of inoculation of monkey 
blood, (li) that tho volunteer contracted a fresh infection with a specieH of 
human plasmodium while in hospital, (in) that the blood of the donor monkey 
was infected with both P mui and P knowlesi and that the infection which 
developed in tho human volunteer was one with P knowlesi which, as has 
previously been shown, is transmissible to man. 

(i) It appears to the writer that the possibility of a latent infection in the 
human volunteer is extremely unlikely This individual gave no history of 
previous malanal attacks, his blood was repeatedly negative before the monkey 
blood was inoculated and, if a latent infection had flared up by the injection 
of fresh blood, it would be expected that this would have made its appearance 
early m the 23-day period which elapsed before parasites were detected 
The infection was morphologically identical with P mm and since it was 
subsequently shown to be infective to 8. rhesus, the probability is that it was 
not a human species of plasmodium So far as is known, it is doubt ful whether 
8 rhesus is susceptible to infection with any of the human specieB of plasmodium 
Apart from the observation of Taliaferro and Taliaferro (1934) who produced 
an infection with P falciparum in young howler monkeys, and the unconfirmed 
observation of Mosnil and Robaud (1920) who attempted to infoct apes with 
human malaria, all other attempts to transmit human malarial infections to 
simian hosts have failed 

(ii) The possibility that the human volunteer contracted a fresh infection 
while m hospital is extremely unlikely, because mularia transmission in Calcutta 
at this season of the year is rarely known to occur 

(m) There is no reason to believe that tho donor monkey ( 8 . t rus) was 
suffering from a mixed infection with P mm and P knowlesi Against this 
possibility is the fact that after splenectomy the parasitic infection m the 
donor animal was sufficiently intense to allow of tho detection of P. knowlesi 
on morphological grounds. 

In view of the fact that a clean specimen of 8. rhesus was inoculated 
with thQ, blood of the human volunteer at the time when the infection in the 
latter was at its height, and that this annual subsequently developed a malanal 
infection which both clinically and morphologically was in every respect similar 
to the usual type of P . inui infection in 8 rhesus, there is, in tho writer’s 
opinion, little or no doubt that tho infection produced in the human volunteer 
Was one with a pure strain of P. inui. 

The absence of gametocytes throughout the whole course of the infection 
in the blood of the human voluntoor is an interesting observation This may 
perhaps be explamod by the fact that the degree of natural resistance to 
P. inui by the human host is sufficiently high to prevent the formation of 
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gamotocytes. It is well known from epidemiological studies that the number 
of gametocytes in any given community or individual is in inverse proportion 
to the degree of immunity present. 


Summary. 

P. inui, a quartan parasite occurring as a natural infection in 8. irua, 
has been successfully transmitted to a human volunteer in whose blood the 
parasites appeared 23 days after inoculation and m which the infection per- 
sisted for one week. The number of parasites observed in the blood of the 
volunteer was never high and recovery was spontaneous Febrile symptoms 
were observed for three days only. The parasites encountered were rings, 
trophozoites, and schizonts. Gametocytes were never encountered. 

The writer wishes to express his gratitude to Lt.-Col J. A Sinton, I.M 8 , 
for his kindness in supplying the strain of P t nut used in this experiment 

His thanks are also due to Major H. W. Mulligan, I M S., for kindly going 
through this manuscript and making some valuable suggestions. 
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OBSERVATIONS ON THE NUTRITION OF PANCHAX PANOUAX 
(HAMILTON) 1 

By Sunder Lal Hora, D.Sc , FUSE., F.N I , and K K. Nair, BA., 
Zoological Survey of India, Calcutta 

(Read at Symposium, August 27-28, 1937 ) 

For evaluating the relative utility of the probable larvivorous fishes of 
India it is of paramount importance to study the various problems connected 
with their nutrition under natural conditions A number of workers have by 
feeding experiments already successfully demonstrated the probable utility 
of some of the forms, but so far as we are aware very little field work has hitherto 
been done on the food of the indigenous small minnows Sen’s (1937) recent 
article on the food-factors of the so-called mosquito-destroying fishes of Bengal 
is, however, an exception Though, as pointed out by one of us (Hora, 1937), 
Sen’s technique is not up-to-date in several respocts and his conclusions seem 
to be somewhat premature, all the same his is a pioneer contribution on the 
subject and deserves careful scrutiny. 

A large number of observers have testified that usually no mosquito larv® 
are found in pieces of wator where Panchax panchax live. This coincidence 
has been explained on the assumption, strongly supported by laboratory 
experiments, that Panchax feed on mosquito larvae and are thus very efficacious 
in the control of mosquitoes. Sen’s studies on the natural food of Panchax, 
however, showed that 

1 Even in Panchax which is a carnivorous fish only about 10 per cent of tho 
fish examined were found to feed on Anopheles larvee in their habitat Tho 

diet of Panchax is so varied that it seems to have no selective food-habit, and as 
such cannot be relied upon as a larvicidal fish Whatever comes along in their way, 
whether of vegetable or animal origin, if it is not too big for them, is devoured by 
Panchax as in the case of the types of fish studied by Seal The field observations 
seem to show that Panchax have greater attraction for small moving objects whatever 
they may be. The employment of fish which are not known to show a definite pre- 
ference for Anopheline larvee cannot therefore prove a success m controlling malaria 
in Lo^er Bengal.’ 

From the analysis of the stomach contents of P. panchax published by 
Sen his conclusions would appear to be justified, but he seems to have ignored 
the fact that no mosquito larv® have u*sually been found in the pieces of water 
inhabited by this fish . We have recently confirmed this observation by survey- 
ing a large number of pools, ponds, tanks and drams in the Ballygunge, Tolly- 
gunge, Howrah and Pulta Waterworks areas. Though mosquito larv® were 


l Published with permission of the Director, Zoological Survey of India. 
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Tbxt-tio. 1 — Graphic representation of percentages of Panchax panchax alimentary 
canals containing different kinds of organisms 

I^wor Crustacea were mostly Ostraoods and higher Crustacea comprised small crabs 
and shrimps. Under miscellaneous insects are included all undeterminable remains of 
Arthropods 

a negligible quantity in a voracious fish like PancAax The food of the fish 
was found to consist mainly of a variety of insects, such as ants, Conxiid hugs, 
water beetles and their larvse, Chironomid larvae, etc., small Crustaceans, 
such as Ostraoods, Copepods, young crabs and shrimps, water mites, worms, 
etc. Small quantities of alg® were found in the stomach contents of two 
specimens collected from a large tank by the side of the Qolf Club, Tollygunge. 
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Some variations were found in tho nature of the food of specimens collected 
at different times of the day and also of those collected from different localities, 
but sufficient data are not yet available for discussing these points 

So far our results are moro or loss in agreement with those of Sen, but 
the question naturally arises, had there been mosquito larva* in the habitats 
of Panckax would they have shown any preference for them 1 We have at- 
tempted to answer this question in two ways, firstly by introducing this fish 
in pits in which mosquito larvse were brooding and observing their food from 
day to day and secondly by providing the fish with a mixed menu m the labora- 
tory and studying at intervals of 30 mtnutes tho food consumed by the fish 

Field Expkbtments 

Two valve chambers at tho Pulta Pumping Station, designated A and B 
in the following notes, were selected for the purpose of the first experiment 
Both the chambers had collections of water about 2 feet deep and were over- 
grown with rank vegetation, both under water and along the pucca walls 
Chamber A, which is situated near the old Engine Room, is a circular pit 
approximately 9| feet m diameter and is about 7 feet deep Chamber B is 
a rectangular pit approximately 12 feet by 9J feet and about 10 feet deep , 
it is situated near tho new Engine Room Before starting the exjx'riraont 
mosquito larvae were found in fair quantities m both the chambers — in 
chamber A there were approximately 4 larva* m a cupped handful of water 
all over tho surface, while in chamber B their number was 5 in the same 
quantity of water 1 

On the evening of the 29th Juno, 1937, at about 4-30 fm IS specimens 
of P pnnchax were introduced in chamboi A and 19 in chamber B By 6am 
next morning the density of mosquito larvae was reduced to 3 pei measure 
in chamber A Three specimens were taken from this chamber and the contents 
of their alimentary canals were examined From their stomachs 6 mosquito 
larva) and 1 Chironomid larva were recovered, whereas from their intestines 
17 mosquito larva* and 2 adult mosquitoes wore taken out in a semi-digested 
condition The three specimens, one female and two males, ranged in total 
length from 40 to 49 mm 

In chamber B, at 0-30 a m on tho 30th June, 1937, the density of mosquito 
larvae population was 4 per measure and the contents of the alimentary canal 
of 3 specimens dissected were as follows Eight mosquito larvae in stomachs 
and 0 mosquito larvae, 3 adult mosquitoes, 1 fly and 1 beetle, all in a semi- 
digested condition, in the intestines The specimens ranged in total length from 
35 mm to 43 mm and comprised 2 females and 1 male 

On the evoning of the 30th June no appreciable decrease was noticed in 
the density of mosquito larvse in chamber A, and 20 more specimens of the 


1 Not being trained malanologiate we regret wo did not know at the time any up-to- 
date method employed in determining the density of mosquito larva) in a pioce of watei 
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fish were introduced, thus bringing the total strength to 35 In chamber B 
the density of the larvae decreased to 3 per measure and 35 more fish were 
introduced in this chamber, thus bringing the strength to 51 

On the evening of the 1st July, no mosquito larvae were found in chamber 
A, while 2 larvae per measure were found in certain parts of chambei B, 
Twenty-five more fish were introduced in the latter chamber. On the next day 
no larvae were found in either of the chambers and subsequent observation on 
the 13th July did not reveal the presence of any mosquito larvae in them Un- 
fortunately by the time the next observation could be made, water from 
chamber B had been pumped out and the walls and bottom thoroughly cleaned 
On the 6th of August, mosquito larvae were found in this chamber in small 
quantities and about a dozen fish were introduced No mosquito larvae were, 
however, found in chamber A, which had not been disturbed Daily observa- 
tions taken up to August 15 showed no mosquito larvae m these chambers 
The contents of the alimentary canal of fishes taken from these two chambers 
subsequent to the eradication of the mosquito larv® were periodically examined 
and found to contain ants and several other types of insects, but no mosquito 
larv® 

The above experiment was repeated with two other chambers near the 
new Engine Room with similar results. In one chamber (about 8 feet in dia- 
meter and 0$ feet deep) the water was very foul smelling and turbid and the 
bottom was overgrown with long grass The number of mosquito larva? in 
it was very great — something like 200-300 in a pint of water taken from the 
surface About 10 fish eradicated all the larv® in 4 days, the smell disappeared 
and the water became clean The fish were later found to be feeding on antH 
and other types of insects 

The examination of the stomach contents of a number of Panchax from 
a pit containing a profuse growth of alg® showed that the fish some limes ingest 
small quantities of alg® with their animal diet A number of fish when kept 
with alg® alone preferred to starve rather than to feed on algal matter It 
is really amazing how this small fish can manage to devour small crickets, 
crabs and big black or red ants, which would apparently seem to be too big 
for the size of the mouth of the fish 

The above observations indicate that P. panchax shows a definite preference 
for mosquito larv® provided they are available Only m their absence or 
when they are scarce they begin to feed on other types of animal matter, 
mostly ants. Normally alg® do not form any part of their regular diet. 

Laboratory Experiment 

For the purpose of a laboratory experiment, water from small pools, 
in which mosquito larv® were found, was bailed out mto a bucket, thus ensuring 
the presence of the mosquito larv® and the associated fauna and flora, A 
number of specimens of P panchax were starved for 4 hours and it was then 
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found by dissecting six of them that they had practically no food in any part 
of the alimentary canal. These starved specimens werp then introduced into 
the water collected as above After intervals of 30 minutes, 2 specimens 
were taken out and the contents of their alimentary canals examined The 
results of the experiment are tabulated below 



The above results clearly indicate that when a variety of other animal 
food is available in the habitat of P panchax along with mosquito larva 1 they 
prefer to feed on mosquito larva*. A certain amount of indiscriminate feeding 
indicated in the above experiment was moro marked in the first half of the 
period of the experiment, presumably because the fish, under the stress of 
hunger, were moro liable to feed on anything that came m their way, but became 
more selective when their appetite was once satisfied 

The above results also show to a certain extent the intensity of digestion 
in P panchax It was observed that in the first half an hour the fish fed 
voraciously on mosquito larvae and that their stomachs were probably filled 
to their maximum capacity. Towards the end of the period the food was just 
about to leave the stomach, as in one of tho two specimens two CTnronomid 
larvae, one may-fly nymph, two water-mites and three mosquito larvae had 
already passed into the intestine. In the next half an hour, however, a fair 
quantity of the food had passed into the intestine, leaving still an appreciable 
amount in the stomach. This condition lasted for an hour or so At the 
close of the second hour feeding was started again and went on for one hour. 
During this period the food previously taken passed through the alimentary 
-canal where it was seen in the form of a pulp At the commencement of the 
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fourth hour feeding had slowed down again for an hour and a half after which 
vigorous feeding was resumed again. 



Text no 2 — Graphic representation of quantity of the recogmzablo remains of 
mosquito larvss in the alimentary canals of two specimens of Panchax panchax (Ham ) at 
intervals of half an hour after the commencement of the feeding experiment The other 
types of food consumed were in negligible quantities and have, therefore, been ignored 

This experiment shows that the intensity of digestion is considerably 
greater m Panchax than m Qambwna, as determined by Sokolov and 
Chvaliova (1936) in the nce-fields of Turkestan Further, it is evident that 
Panchax is a more voracious feeder than Gambusut, as two specimens of the 
former swa^gifttiM} within half an hour 53 mosquito larvae, besides 5 Chironomid 
larvae, 2 w^ji^fiiites, 2 Conxiid bugs and 1 may-fly nymph. 

We realize that the experimental data we have presented here are 
of a very^Kliminary nature, but the object before us has been to show how for 
a proper appreciation of the great utility of the indigenous species it is absolutely 
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necessary not only to carry on extensive field work but also to undertake an 
intensive study of their ecology and bionomics With regard to P panchax 
we hope to have established beyond doubt that this top-minnow is more effica- 
cious in destroying mosquito larvae under home conditions than its near cousins 
of Tropical America belonging to tho genera Gambuma and Lebxstes 

Panchax are small, surface-feeding fishes, and are exceptionally hardy, 
as they have been found to tolerate very foul waters and to live m damp situa- 
tions out of water for considerable periods. It is stated by Chatterjoe (1934) 
that they breed freely throughout the year in confined waters , they are difficult 
to catch and are not valued as food. Lastly they are out and out carnivorous 
fishes Thus they satisfy all the requirements laid down by export malario- 
logists as necessary for a really useful larvicidal form, and we have no doubt 
that further work on the physiology of its nutrition and breeding habits will 
reveal several more points m its favour as the most suitable larvivorous species 
for Indian conditions 

Summary 

Sen’s results regarding the food of Panchax panchax under natural condi- 
tions are confirmed from a study of the contents of the alimentary canal of a 
large number of specimens of P panchax collected from several localities m 
the Ballygungo, Tollygunge, Howrah and Pulta Waterworks areas It is, 
however, pointed out that practically no mosquito larvse were found in the 
pieces of water inhabited by the fish From experiments carried out in the 
field by introducing the fish in mosquito-breeding places, it is concluded that 
Panchax prefer to feed on mosquito larvse, and only when their supply is 
exhausted they begin to feed on other animals, mostly insects and especialh 
ants These results are also confirmed by laboratory experiments, in which 
tho fish were given a mixed diet of mosquito larva: and other typos of animals, 
such as Chironomid larvm, Corixnd bugs, may-fly nymphs, water-mites, beetles, 
etc. Under those circumstances the fish showed a definite preference for mos- 
quito latvse It is also observed that, when kept with algrc, the fish preferred 
to starve rather than to feed on vegetable matter Tho voracity of feeding 
and the intensity of digestion of the fish are also studied. 

It is thus definitely shown that Panchax is a very effective larvicidal fish 
and its use, under Indian conditions, is strongly recommended 
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I. Introduction 

Many yoars ago I published accounts of two new manganese-ore minerals 
under the names of vrodenburgite and sitaparite respectively. 1 Vrodenburgite 


1 ' Three new Manganeee-beanng minerals . — Vrodenburgite, Sitaparite and Juddite ’, 
Re o. Gaol. Surv. Ind., XXXVII, pp. 199-212, (1908) 

‘ The Manganese -Ore Deposits of India ’, Mem. Qeol. Surv. Ind , XXXVII, pp 42-49 
(vrodenburgite) and 49-62 (sitaparite), (1909). 
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was obtained from Beldongri in the Nagpur district, Central Provinces, and 
from Ganvidi in the Vizagapatam district, Madras , and for this mineral 
substanoe, of several possible formula, 3Mn,0 4 2Fe,O g was preferred. 
Sitaparite was obtained only from one locality, namely Sitapar in the 
Chhindwara district, Central Provinces, and for this mineral the somewhat 
complex formula 9Mn t O s . 4Fc t O| . MnO* . 3CaO was adopted. The specific 
gravity of vredenburgite was determined as 4*74 (Beldongn) to 4-84 (Garividi) 
and that of sitaparite as 4-93 to 5*09. The hardnesBCB were determined as 
about 0-5 for vredenburgite and about 7 for sitaparite. In colour vredenburgite 
is dark steel-grey with a bronze tint, especially in the sun, whilst sitaparite 
is a dark bronze-grey, the bronze tint again being especially well seen in the 
sun In eaoh oase it was the bronze tint that first drew my attention to the 
mineral. The streak of vredenburgite is a deep brownish black tending to a 
deep chocolate, whilst that of sitaparite is black Each mineral shows a 
well-markod cleavago 1 ; but as no crystals of either mineral were found the 
directions of these cleavages were not definitely determined It was suggested, 
however, that the cleavago of vredenburgite is parallel either to the isometric 
octahedron or the tetragonal pyramid, according as the mineral is isometric 
or tetragonal, and for sitaparite that the oleavago may be octahedral. Although 
these two mineral substances have somewhat similar bronze colours they aro 
easily distinguished by the fact that vredenburgite is Btrongly magnetic, 
whilst sitaparite is only weakly so. 

Although it seemed clear, in view of these properties, that we had to deal 
with two new mineral species, it was also clear that there was scope for further 
work on the ohomical composition of both substances, as also for the discovery 
of crystals of each and the determination of their crystal constants. The 
opacity of these, as of other manganese-ore minerals, was, of course, a hindrance 
to the study of their composition and of the relationship of one mineral to 
another in complex ores ; and that the method of the future for the study of 
manganese-ores was that already adopted for the study of alloys was suggested 
by my publication in the memoir oited above of a photomicrograph (Plate 1) 
by reflected light of a polished and etched slice of manganese-ore (a mixture 
of braunite and psilomelane). 

The Btudy of opaque minerals in polished and etched slices by reflected 
light has sinoe become a well-known branch of technique for the student of 
ore deposits, and much work has been done on Indian manganese-ores by 
several workers, in particular by Christie, Schneiderhdhn, and Ramdohr, 
Oroel and Pavlovitch, and lately by Dr. J, A. Dunn, amplifying, as one result 
of this work, our knowledge of vredenburgite and sitaparite. This work shows 
thatLVredenburgite in its present form is not a mineral species but a mixture of 
at^Hst two minerals, whilst sitaparite is a definite species. In addition further 

— ^ 

1 As vredenburgite is now known to oonsist of a lamellar intergrowth the apparent 
cleavage may be better described as a parting plane. 
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chemical work has been done on vredenburgite not only m connection with 
Dr. Dunn’s research, but also by Mr, M It Anantauarayana Iyer of Bangalore 
Further, whilst vredenburgite lias not yet been found outside India, except 
perhaps for the specimen from Jakobsbeig m Sweden noticed on page 274- 
sitaparite has been found to occur abundantly in the manganese-ore deposits of 
Postmasburg in South Africa 

In view of these facts it seems suitable that I should contribute a note 
upon the additional knowledge acquired concerning these two mineral 
substances ; and, as the author of the term, peihaps express an opinion on the 
use of the name vredenburgite in tho future now that it has been shown that 
in its present form vredenburgite is a mixture of minerals. 

II. Vredenburgite (with devadite). 

(a) Researches mainly on polished surfaces 

In 1928, whilst on study-leave, Dr. W A K. Christie, then Chemist to 
the Geological Survey of India, polished and etched with 
Schneider hVtin’ an< ^ a specimen of vredenburgite from Kodur , 

and Ramdohr ' t ^ ie Hur ^ a,c0 t * 1U8 prepared recalled at once tho Widman- 
statten figures revealed on polishing and etching a sect ion of a 
nickel-iron meteorite, this work thus showing that the specimon of vredenburgite 
examined must now be composite. It appeared in fact to bo composed mainly 
of two substances, ono forming tho notwork and the other occupying the 
meshes of the net. Dr. Chnstio attempted to drill out and analyso separately 
under the microscope the two main constituents , hut this proved impracticable 
However, he succeeded in separating these two constituents by dissolving 
one of them in a mixture of HjO t and H t HO i . but Dr. Christie was not satisfied 
with the analytical data thus obtained. This work was commenced m Professor 
Laeroix’ laboratory at the Museum d’Histoiro Naturelle in Paris, whore the 
first polished section of vredenburgite was prepared, and then continued first 
in Professor Hans Sohneidorhbhn’s laboratory at Freiburg in Breisgau, and 
later in the Geological Survey laboratory in Calcutta. 

To me Dr. Christie’s discovery was of extreme interest. For, on the 
analogy of the interpretation givon by mo to the crystalline structures of iron 
meteorites or siderites as revealed by the Widmanstatten figures 1 obtained 
on polishing and etching, m accordance with which I regarded tho formation 
of these structures in meteorites as indicative of the release of pressure, it 
appeared that Dr. Christie's discovery provided evidence by analogy that the 
original vredenburgite had on release of pressure (or lowering of temperature), 
or both, broken down into two separate minerals, supporting my view that tho 
Eastern Ghats Province of India was a special tract that had formerly been 


i * Pr eliminar y Note on the Origin of Meteorite* Jour, db Proo. A«, Soc. Beng. (New 
Series). Vm, pp. 320. 821, ( 1012 ). 
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subjected to much higher pressures and temperatures than normal, accounting 
for its very unusual petrographical and mineral facies. 

Dr. Christie’s visit to Paris and Freiburg appears to have stimulated 
research on manganese minerals, including vredenburgite and sitapante, at 
both centres, namely in Paris by J. Orcel and St. Pavlovitoh and at Freiburg 
i. Br. by Schneiderhbhn and P. Ramdohr. 

The results of the studies at Freiburg have been incorporated in Volume II 
of Schneiderhdhn and Ramdohr’s ‘ Lehrbuch der Erzmikroskopie ’ published 
in Berlin in 1931, and in two papers, one by Orcel alone 1 and the other by 
Orcel and Pavlovitch * published in Paris in 1930 and 1931 respectively. 

The data given in Schneiderhdhn and Ramdohr’s volume * were based on 
work by Christie and Schneiderhdhn on the microscopic aspects of vredenburgite 
This study was made on a specimen from Kodur in the Vizagapatam district, 
Madras, a locality near Garividi, from which my type specimen from this 
area was derived. According to these authors (Schneiderhdhn and Ramdohr) 
vredenburgite in its present form consists of a lamellar network of hausmannite 
with the meshes occupied by jacobsite, the lamella of hausmannite being 
arranged parallel to the octahedron (111) of jacobsite They write that the 
structure indicates that an originally homogeneous spinel mineral has broken 
down because the corresponding admixture was no longer stable with falling 
temperature. Further, as both components correspond to the formula R a O t 
(Mn s 0 4 and MnFe 8 0 4 ), the composition of the original vredenburgite can be 
easily determined by plammotric measurement. They remark further that the 
result so obtained agrees approximately with my formula for vredenburgite if 
one considers that I gavo no valencies for the Mn and Fe. 4 These authors 
remark that the strongly magnetic character of vredenburgite is duo to the 
magnetism of the jacobsite. It is also noticed that with mcipiont weathering 
the hausmannite is often selectively altered before the jacobsite. An excellent 
photomicrograph brings out the resemblance to the Widmanstatten figures of 
an iron meteorite already noticed. 

Orcol and Pavlovitch also give an account of a study 4 of vredenburgite 
in polished surface, making use of reflecting power, and of 
Pavlovitch chemical attack by a variety of reagents. Thoir work was 
done on a specimen from Kodur provided by Dr. Christie. 
They, also, recognise two constituents, referring to them as a for the con- 
■tttuent occupying the meshes of the network and /3 for the needles of the 
network itself. The constituent « is weakly but dearly anisotropic, whilst /J 

_ —— — — — Franfi ^ < Lm> p . 347, (1030). ™ ~ 

* Op c%t., LIV, pp. 108—179, (1031). 

» Loo. cU , pp. 602-004. 

* The distribution adopted by me of the Mn and Fe into seequioxldes and protoxides 
is based on the determination of available oxygen, which does not, of course, enable one 
to determine the distribution of Mn and Fe into sesquioxides and protoxides, but does 
enable one to deoide on the proportion of R*0< to RiO s . 

4 hoc. ext., pp. 106-170. 
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is markedly polychroic Judging from their optical characters and reactions 
to corrosive attack by various agents, the authors decide that neither of these 
constituents can be identified certainly with already known species Con- 
stituent a is very similar in both optical and chemical properties to braumte, 
but as chemical treatment yielded a residue of only 1 02 per tent of SiO, the 
authors rightly rule out braumto. 

They notice also that constituent a might be identified with jacobsite 
(as is done by Schneiderh&hn and Ramdohr), but for the fact that jacobsite 
is rigorously isotropic , and that lieforo one could admit this identity it would 
be necessary to regard the anisotropy as provoked by internal tensions suffi- 
ciently regular to give rise to uniform extinctions throughout, which evidently 
appears to tho authors improbable In addition they find the reaction of 
a to hydrochloric acid different from that of jacobsite. 

They consider the possibility of constituent /? being hematite (oligiste), 
but reject this on both optical and chemical grounds, and concludo that 
vredenburgite may be an association of two new constituents, but that no 
definite conclusion can be drawn without a study by X-ray technique applied 
to material picked out under tho microscope 

In addition to « and /3 they noticed, frequently bordering the needles of 
|9, a fine band of a substance with the characters of poliamte 

Concerning the relationship of the two constituents a and 0 to each other, 
tho authors consider that the data suggest that constituent separated in 
constituent # after the crystallisation of the latter ; and that if this be the 
case it might be possible, at a certain temperature, to obtain a homogeneous 
compound. An experiment to test this possibility produced at points a partial 
fusion of the mineral ; and after polishing it was found that at such points 
the ‘ needles ’ had disappeared completely, with replacement by an aggregate 
of anisotropic crystals with tho optical properties of constituent a 

Whatever tho nature of these two constituents it is clear that this experi- 
ment supports the suggestion of Schneiderhbhn and Ramdohr that 
vredenburgite is a composite substance resulting from tho break up of an 
originally homogeneous mineral on fall of temperature. 

In an appendix to their paper (he. cit., p 177) Orcol and Pavlovitch 
mention that Volume I of the German authors’ work had appeared during the 
printing of their own paper, and that the authors thereof had identified the 
two constituents of vredenburgite as jacobsite and hauRmannite They 
mention that they had not dared to identify constituent a as jacobsite for the 
reasons already given, principally its anisotropy They agree that con- 
stituent j8 exhibits the majority of the characters of hausmannite, but it differs 
in not being attacked by a saturated solution of SnCl|, whilst hausmannite is 
So attacked They suggest that this difference might be explained by the 
presence of foreign materials in the network of hausmannite, modifying its 
behaviour somewhat to attacking reagents They reiterate the desirability 
of resolving the doubtful points by an X-ray study 



h. L. XERMOB I NOTES ON TR1DRNBTJBGITE 


The next study to be noticed is that of Dr. J. A. Dunn 1 * 3 making use 
J A Dunn m *inly of reflecting powers and etching tests. Whilst 
the authors noticed above had confined their research to 
material from Kodur in the Vizagapatam district, Dunn examines both my 
type material from Garividi in Vizagapatam and Beldongri in the Nagpur 
district, and also various specimens from Kodur and Beldongri, that, judging 
from their numbers, appear not to be a part of my original collection, but to 
be derived from the Geological Survey duplicate collection, and not necessarily 
examined by myself. 

Concerning the Vizagapatam material Dunn notes that in the vrodenburgite 
of Kodur, determined by Christie * and Schneiderhdhn aB a mixture of jacobsite 
and hausmannite, the hausmanmte is usually partly altered to psilomelane 
and pyrolusite, an alteration also noticed by Schneiderbdhn, although he does 
not name the alteration products. Dunn notes, however, that a polished piece 
of my type specimen from Garividi contains only a small proportion of such 
alteration products. Like Sohneiderhdhn he finds the Vizagapatam jacobsite 
to be isotropic, not noticing the amsotropism detected by Orcel and Pavlovitch. 

Dunn then examines the Beldongri material. My type specimen, which 
agrees so closely in chemical composition with the Garividi material, he finds 
to be a complex mixture of jacobsite, hausmannite, braunite, pyrolusite, 
and psilomelane, with some quartz. According to him the jacobsite and 
hausmannite in this specimen do not always show the intergrowth so typical 
of the Vizagapatam vredenburgito. One of his published photomicrographs 
(Joe. cit., Plate VI, fig 6), however, shows the typical intergrowth, but also 
irregular patches of pyrolusite-psilomelane aggregates with what appears to 
be a reaction run of braunite separating these aggregates from the VTedenburgite, 
suggesting perhaps that the braunite has been formed from the vredenburgito 
mixture as an intermediate stage in the alteration into psilomelane and 
pyrolusite. The other figure in this Plate shows separate patches of haus- 
mannite in jacobsite, the latter containing fine lamell®, presumably of 
hausmannite ; and the hausmannite patches, which Dunn regards as replacing, 
show twinning, retaining the direction of the original hausmannite lumell® 
in jaoobsite. 

Combining the information given by Dunn’s descriptions and photographs 
of the polished surfaces of my type material from Garividi and Beldongri, 
19th the fact that on analysis these two speoimens gave such very similar 
remits * for the principal constituents MnO t , MnO, and Fe t O s , it seems logical 
towduoe that these mixtures have been formed by the break-down on change 
of physical conditions of a pre-existing homogeneous mineral and that the 

1 ‘ A study of some miorosoopical aspects of Indian manganese-ores \ Tran*. Nat. 

Ind., I, pp. 103-124, (1938). 

*Sbr, Christie in private conversation Informs me that he does not accept respon- 
sibility for this determination, 

3 Mem. Oeol. Surv. Ind., XXXVII, p. 44, (1909). 
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composition of this mineral can be deduoed from a study of these analytes 
The Beldongri mineral has, judging from Dunn’s account, evidently suffered 
a greater degree of surface alteration of the secondary metamorphie complex 
than the Garividi mineral, and this deduction agrees with the higher amount 
of combined water in the Beldongri specimen , whilst the presence of braumte 
in the Beldongri mineral, as detected by Dunn, is supported by the presence 
of 0-91 per cent of combined silica as against only 0 20 per cent m the Garividi 
specimen. It seems evident that we shall be able to secure a better idea of 
our primary mineral from a study of the Garividi analysis than from the 
Beldongri analysis 

Whereas the specimen for Beldongri selected by me as the type for analysis 
agrees so closely chemically with the Garividi mineral and contains a con- 
siderable proportion of the characteristic intergrowths of hausmannite and 
jacobsite, Dunn finds from a Btudy of their polished surfaces that other 
specimens from Beldongri are much more nearly jacobsite, and he selects two 
of them for analysis No. 779 (a) is estimated microscopically to contain a 
little more than 2 per cent of hematite and less than 0-5 per cent of psilo- 
melano in minute cracks, and this specimen is regarded as the purest Indian 
jacobsite yet found. The other specimen, 779 (b), was less pure, but was 
subjected to analysis because tho types of jacobsite in (a) and (b) show slight 
optical differences . (a) is of a darker brownish yellow than (b), and whilst 
(a) shows a barely perceptible anisotropism, (b) is slightly more anisotropic 
The analyses were made by Mr. P. C. Roy. 

That these specimens are not examples of vredenburgite is seen at once 
by comparing Mr. Roy’s analyses (hoc cil , p. 108) of specimens 779 (a) and (b) 
from Beldongri with the type analyses of vredenburgite from Beldongri and 
Garividi. The percentages of oxides of manganese and iron and of the two 
metals are compared below : — 



| Vredenburgite 

! Jacobsite 

Locality 

Qarividi. 

Beldongn 

Beldongn . 

Beldongri 

Jakobs- 

berg 

L&ngban. 

No of specimen. 

A. 346 or 
18/502. 

1080 or 
18/293 

779(0) 

779 (ft) 

Dana. 1. 

Dana 2 

MuOf 

MnO 

FejOj 

Per oent. 
24 64 
38-63 
31-29 

Per oent 

23 37 

38 24 
28-85 

Per oent. 

4 82 

34 61 

59 31 

Per cent 

11 35 

33 31 

53 03 

Per cent 

4 03 

20 72 
68-25 

Per oent 

6 96 

29 93 

58 39 

Total 

94 81 

90-76 

98-74 

97 69 

93 00 

95 28 

Mn 

Fe 

45 02 
21-60 

44-62 

20 19 

29 84 
41-50 

32-96 

37 125 

18 60 

47 77 

27 58 
40-87 

Sp. Or. 

4 84 

4-74 

4-90 

4-82 

4-75 


MgO 

1-20 

0 99 

012 

0 59 

6-41 

1 68 
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It will be seen that whereas in vredenbnrgite the percentage of man- 
ganese is about twice the percentage of iron, in jacobsite, as exemplified by 
the mineral from the original locality, namely Jakobsberg in Sweden, the 
reverse relation holds, whilst in both the purer Beldongri specimens 779 (a) and 
( b ) the iron is substantially in excess of the manganese 

According to Dana magnesia is an important constituent of jacobsite 
ranging from 6-41 to 0-72 per cent in the analyses quoted. 1 In the 
Beldongri analyses Nos. 779 (a) and (6) the amounts of MgO are only 0-12 
and 0*69 per cent respectively, and this might be thought to militate against 
this mineral being regarded as jacobsite. As, however, Dunn finds that the 
mineral agrees optically with jacobsite, it seems simpler to regard the MgO 
of jacobsite as a non-essential constituent replacing a portion of the MnO. 

It is evident, therefore, from Dr Dunn’s studies, that some of the specimens 
from Beldongri registered in the collections of the Geological Survey of India 
as vredenburgite are jacobsite, and are chemically different from my type 
specimen from that locality 

As, according to Dana, jacobsite is a deep black mineral but magnetic, 
and hausmannite is brownish black and, presumably, not markedly magnetic, 
for this property is not mentioned, it appears that vredenburgite owes its 
magnetio character to the jacobsite and its bronee tint to the hausmannite. 
It should therefore be possible to distinguish vredenburgite from jacobsite 
by colour and from hausmannite by its magnetic property The streak is not 
such a useful property, being blackish brown for jacobsite, deep brownish 
black tending to deep chocolate for vredenburgite, and chestnut-brown for 
hausmannite 

As there seems to be little doubt that specimen No. 779 is largely jacobsite, 
it is of interest to see if the analysis of 779 (a) supports this Assuming 
2 per cent of hematite (estimated from the polished surface) and that the 
combined water is present as H 4 MnO v Dr. Dunn calculates three possible 
formulse according to three different assumptions •— 

(1) 3Mn,0 4 . 4Fe,0 4 or (Mn, Fe),0 4 in which Mn : Fe = 3.4 

(2) Mn,0 4 . 2Fe,0 8 . 

(3) MnO (Fe, Mn) t O, . [Actually 1-07 MnO . (Fe, Mn)*0,] 

Formula (2) is clearly inadmissible, as the oxygen error involved is far too 
large, as Dr. Dunn recognises , whilst formulae (1) and (3) are equivalent, for 
3Mn,0 4 . 4Fe s 0 4 » 7MnO+7(Mn, Fe),O a , 

- 7 [MnO . (Mn, Fe^Og], 

the ratio of Mn • Fe in the sesquioxide portion being 1 : 6. The small quantity 
of MgO present could be included in the RO portion without upsetting the 


System of Mineralogy 6th Edit , p. 227, (1904). 
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Dana gives the formulae of jacobsite and hausmannite as follows • — 
Jacobsite . . . . (Mn, Mg)0 (Fe, Mn) 2 O s 

Hausmannite . MnO.Mn 2 O t . 

There is thus no doubt that the Boldongri specimen No. 779 (a) analysed by 
P C. Roy is jacobsite, 

Dunn notes what he regards as the replacement of jacobsite by hausmannite 
(loc. cit , p. 118). As hausmannite is relatively free from iron this should 
mean the liberation of iron oxide, which, however, is not described He 
suggests that the slight anisotropism of the jacobsite is due to pressure and 
that the ‘ inversion ’ of jacobsite to hausmannite is also possibly a result of 
metamorphism under increased pressure 


(6) Chemical researches 


Vrodenburgito has also been the subject of investigation by Mr M. R 
Anantanarayana Iyor of Bangalore. In a paper with the 
title ' An alternative formula for Vredenburgite V read m 
abstract before the Geology Section of the Indian Science 
Congress at Bangalore m 1932, Mr. Iyer expressed the viow that the formula 


M. R. Ananta- 
narayana Iyer. 


a(FejOj . MnjOg) 6(Fo 2 0 4 Mn,0 4 ) 

represented the composition of one specimen of the mineral, and that a more 
general form 

a(Fo f O, . MnjO,) h { (Fe, Mn)0 (Fe, Mn ) 2 0„ } 
represented the composition of four specimens including the two described on 
jiage 44 of my memoir on manganese, by which Mr Iyor appears to mean four 
specimens analysed by him plus those of my two specimens. In the discussion 
on this paper at Bangalore I informed the author that recent work by 
Dr. Christie had shown that vredonburgito is a mixture of two or more minerals 
This caused Mr Iyer to make a further chemical examination of his four 
specimens, and the results of this work are given in a paper ‘ The Formula 
proposed for the mineral Vredenburgite ’, presented to the Geology Section of 
the Indian Scionco Congress held at Indore m 1936, and published in the 
Records, Mysore Oeol. Dept , XXXIV, pp 75-84, (1936) 1 2 The object of this 
second investigation was to determine by chemical tests whether vredenburgite 
consisted of two minerals, as Dr. Christie had determined, or of only one, as 
proposed in Mr. Iyer’s formula of 1932. 

The material examined was supplied by the Geological Survey of India, 
and, besides specimens from Devada (No. 690) and Kodur (Nos. 691 and 
692) in the Vizagapatam district, included No 779 from Beldongri, also 
investigated by Dr. Dunn, The four analyses, with the two of No. 779 given 
in Dr. Dunn’s paper, are shown below, as regards oxides of manganese and 
iron, the only constituents (with available oxygen) determined by Mr. Iyer — 


1 Proe 19th Indian flat. Cong., Bangalore, p. 373, (1832). 

2 For abstract, see Proe. 23rd Ind Sot Cony., Indore, p. 247, (1936). 
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Analyst. 

Roy. 

Roy. 

Iyer. 

Iyer. 

Iyer. 

Iyer. 

Locality. 

Beldongri. 

Beldongri 

Beldongri 

Devada, 

Kodur. 

Kodur. 

No. of specimen 

779 (o). 

779(6) 

779 

690. 

691. 

692. 

MnO, 

4 82 

11 36 

1611 

25-73 

26 26 

52 86 

MnO 

34 61 

33 31 

33 11 

30 84 

32 06 

12 76 

F«*0, 

69 31 

63 03 

49 78 

39 15 

38-16 

22-93 

Total 

98 74 

97 69 

98 00 

96-72 

96 60 

88 65 

Mn 

29 84 

32-96 

36 19 

40 16 

4143 

43 28 

Fe 

41-50 

37 12 

34 82 

27 40 

26 68 

16 03 

Molecular ratio 







Mn 

"Fe 

0-73 

090 

103 

1-49 

1 58 

2 74 

Molecular ratio 







MnO, 

Fe-f-Mn " 

0 043 

0103 

0137 

0-242 

0 246 

0 566 


The molecular ratios Mn : Fe and MnO, / Fe + Mn shown above are 
utilised by Mr. Iyer in bis paper, and to help the reader to understand their 
significance I give below these ratios for the various mineral substances under 
discussions : — 



„ , Mn 

Mo1 'fT 

Mo, bS§H 

Jaoobeite, if MnO . Fe,0, 

0 60 

0 

Jaoobeite, if 3MnO . Mn,0, . 2Fe,Oj 

Vredenburgite, if MnO . Fe,0,-f Mn,0 4 . 

1 25 

0 11 

2 

0 167 

Vredenburgite. if o (Fe,O s . Mn,O s ) . b(Mn 3 0 4 Fes0 4 ) 

1 

0 2 (if o-b) 

Vredenburgite, if 3Mn,0 4 2Fe,0, 

Bixbyite, Fe,0,.Mn,0, 

2-25 

0 231 

1 

0 392 

Hausmanntte, MnO Mn,O s . 


0 33 

My Beldongri specimen 

My Garivldi specimen 

i 

2 25 

2-12 

0 232 

0 235 


The method of investigation adopted by Mr Iyer is to treat each specimen 
with sodium oxalate and dilute sulphuric acid, twice in the cold and once in a 
water bath, using different times for the various experiments, and making three 
experiments on each specimen except his No. 4 (092 above), on which, on 
account of its greater solubility, only two tests were made. His analytical 
results show that in each speoimen, exoept his No. 1 (779), there is a selective 
solution of manganese and of MnO, leaving residues with lower Mn/Fe and 
MnO^Fe+Mn ratios than in the original specimen, that is residues with higher 
iron contents. The author deduoes from his data that there is free MnO| 
in all the specimens and consequently that the specimens are not homogeneous 
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Finally, Mr. Iyer suggests that the earlier type formula given above may 
be taken as the type formula for ‘ the mineral vredenburgite 


(c) Discussion of results. 

This general formula does not, however, cover my original vredenburgite 
with its empirical formula of 3Mn 8 0 4 2Fe t 0 3 . This is not 
Iyer^anaiyses surprising, however, for my formula represents the specimen 
as a whole, and not a residue after partial solution. 

In fact, if one compares the Mn/Fe and MnO,/Fo+Mn ratios of Mr Iyer’s 
re-ndual substances from his specimens Nos. 1 to 4 as shown m the tables in 
his paper with the corresponding ratios for my vredenburgite, shown with the 
ratios for jacobsite and hausmannite in the table on page 262 it is clear that 
the residues for which Mr. Iyer has devised his formula cannot be regarded as 
vredenburgite. The molecular ratio Mn/Fe determined on my Garividi 
and Beldongri typo specimens is 2-12 and 2*25, whilst in Mr. IyeT’s four residues 
the value of this ratio ranges from 0-98 to 1*41, and m his formula the value 
of this ratio is 1. 

The molecular ratio MnOj/Fe+Mn as determined on my two specimens 
is 0 235 and 0-232, and for the formula adopted by me is 0-231 -, whilst the 
value of this ratio ip Mr. Iyer’s four residues ranges from 0-114 to 0-246, the 
last value being on his most impure specimen Excluding the last value they 
range from 0-114 to 0-187. The question then arises — if these residues are 
not vredenburgite, then what are they * The answer appears to be that they 
are largely jacobsite. This mineral, if free from Mn 1 0 8 , and corresponding to 
the formula MnO . Fej0 8 , would show the following molecular ratios — 
Mn/Fe . . . . 0-50 

MnOj/Fo+Mn . 0 

In practice, however, Mn g O a is always present and for the four analyses of 
jacobsite given on page 259 the ratios are as follows — 



MnO Fe*0 3 

MnO (Fe,Mn)*0 3 

: 


Beldongri 

Beldongri 

Jnkobeberg 

L&ngban 



77ft (6) 

77» (6) 

Dana 1 

Dana 2 

Mn/Fe 

060 

0-73 

0 90 

0-40 

069 

MnOj/Fe hMn 

0 

0 043 

0 103 

0 030 

0 005 


The most homogeneous of Mr. Iyer’s specimens was that represented by 
analog No 1 of 779 from Beldongri, and this specimen as a whole before 
treatment, and in residue after treatment, gave the following ratios 
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As a whole 

Residue 

Mn/Fe 

1 03 

0 OH 

MnOg/Fo+Mn 

0 137 

0 Ilf 


and is evidently very similar to Dr Dunn’s 771) (b), which lie lias Hhown to 
be impure jacobsite 

Of Mr. Iyer’s other throe specimens, the fourth, No (102 from Kodur, 
may be omitted from the discussion, as it is admitted to be very impure 

In contrast with specimen No 1 the remaining specimens, Nos 2 and 3 
from Devada and Kodur respectively, on treatment by Mr Iyer yielded 
Mn/Fo and MnC),/Fe+Mn ratios for residuo and solutions that diffei consider- 
ably from tho corresponding ratios for the original specimens, as is illustrated 
by the following data for No 3, showing the changes with successive stages of 
solution — 



| Period of treatment 

Mn 

Fe 

MnOjj 

Mn/Fe 

1 MnOjj/Fn 
+ Mn 

Complete spoci 

lJoforo treatment 

41 45 

20 08 

20 20 

1 58 

0 245 

Residue 

5 J lira atordy temp 

23 78 

20 54 

0 08 

1 18 

0 143 

Do 

20hra at only temp 

18 04 

15 40 

7 02 

1 18 

0 133 

Do 

40 mms on water- 
bath 

7 35 

0 31 

2 04 

1 18 

0*123 

Complete speci- 

Before treatment 

41 45 

20 08 

20 20 

1 58 

0 245 

Solution ** 

51 lira, at only temp 

17 48 

0 20 

10 48 

2 87 

0 442 

Do. 

20 hrs. at ordy. temp 

24 14 

11 12 

18 80 

2 21 

0 339 

Do 

40 mins, on water- 
bath 

34 03 

20 20 

23 40 

1 74 

0 271 


These figures indicate that the original specimen of No 3 was a mixture 
of two principal constituents, and that nearly tho whole of the more soluble 
constituent was dissolved relatively quickly leaving a residue with an Mn/Fe 
ratio of 1*18, and that thereafter, as further portions of the residue voro 
dissolved, the Mn/Fe ratio of the solution was reduced owing to the dilution of 
material with a Mn/Fe ration of 2*87 by material with a Mn/Fe ratio of 1-18 
The explanation of the fall in the MnOj/Fo+Mn ratio of the solution is of 
course similar. 1 

1 The variations in the value of thia ratio m tlw residues may lie within the limits of 
experimental error, as the Mn/Fo ratio is constant. Judging from tho corresponding 
figures for specimen No. 2, however, whero the sequenoe of the MnOg/Fe+Mn ratio is 0 200, 
0*185, 0*187 and that of the Mn/Fe ratio is 1 35, l 35, 1 41, the more probable interpretation 
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Mr. Iyer recognises that his specimens are composite, but regards them 
as mixtures of MnO,, as an impurity, and ‘ vredenburgite ’. But it is clear 
that the solutions contain portions of both substances and also that the residues 
are not vredenburgite, if my original material is to remain the type. And it 
also seems clear that the figures after the greatest amount of dissolution give 
the nearest approach to the composition of the residue, whilst those after the 
least amount of dissolution give the nearest approach to the composition of 
the more soluble constituents. For specimens 1, 2, and 3 these values are as 
follows : — 


Number of 
specimen. 


Mn. 

Ke 

MnO*. 

Mn/Fe 

MnOj/Fe 
-f Mn. 

Probable 

mineral. 

1 (779)— Beldongn 

Residue 

Solution 

1167 

17-21 

12 11 
16 08 

4 27 

8 34 

0 98 
1-09 

0 114 
0-159 

Jaoobsite 

Do. 

2 (690)— Devada 

Residue 

Solution 

10 60 

9 37 

7-88 

4-92 

A 39 

9 26 

141 

1-94 

0 187 

0 412 

Jaoobsite. 
Hausman- 
nite + 
MnO*. 

3 (691)— Kodur .. 

Residue 

Solution 

7 38 
17-48 

6 31 

6 20 | 

2-64 

16-48 

1-18 

2 87 

0 123 
0-442 

Jacobsite. 

Hausman- 
nite + 
MnO*. 


The Mn/Fe ratios of the residues in the above table are all possible 
figures for jacobsite containing a considerable or large amount of Mn t 0 8 
replacing Fe,0, (with some surplus MnO,) ; whilst in Nos. 2 and 3 the values 
of the MnOj/Fe-f Mn ratio are possible figures for mixtures of hausmannite 
with some pyrolusite (see table on page 262) plus some dissolved jacobsite 
(to account fbr the iron). 

The ofcange of these ratios in the residues and solutions in comparison 
with thoee of the original specimens is consistent with the more ready solution 
of substances higher in manganese than the original substance (e g. hausmannite 
and pyrolusite), and with the slower solution of a substance lower in manganese 
and higher in iron (e g. jacobsite) 1 It does not appear, therefore, that Mr. Iyer’s 
analytical results conflict with the view, based on microscopic study, that 
'vredenburgite in its present condition is a mixture of minerals rather than a 
homogeneous substance. 

Recognising, however, that the residues, even after the most prolonged 
dissolution, still contain an excess of MnO* compared with the quantity 

— — — — 

is that a small but decreasing proportion of the more soluble, more highly peroxidlaed, 
subrtanoe remains with the residue until a late stage. 

* I do not know if the relative rates of solution of pyrolusite, hausmannite, and 
Jeoo&ite in various solvent# have been determined, but Mr. Iyer’s work seem* to show 
that with the solvent used jaoobsite dissolve* the slowest. 
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appropriate to the jacobsito formula MnO. (Fe, Mn) t O s it is desirable to see 
what is the extent of this departure. Tho formula) of jaiobsito uml bans- 
manmte, accepted as MnO . (Fe, Mn)jO a and MnO Mn,0 8 respectively, are ot 
course of the same typo and can be generalised as R g 0 4 Tho extent to which 
Mr. Iyer’s specimens depart either in original or after treatment ironi this 
general formula can be judged from tho following data, in which tho empirical 
formulae are arranged to show the surplus of R0 t ovor R t 0 t : — 



Original Specimen. 


Aitkh Tiikatmkn r 



Composition 

Composition 

Duration 


Duration 



in terms of 

in terms of 

of 



Solid ion. 


Kj0 4 A K g O a 

R 3 O 4 & ROj 

troatmont 


troal l 


No. 1 (779) — 

31l„0 4 2U g O a 

4K 3 0« ROj 

4H hr* at 

5RjO« . ROj 

24 lira at 

lCRiOj CRO* 

Beldongri 



ord temp 


ord temp 

No 2 (890)— 

K 3 O 4 3RjO, 

6 R 3 O 4 . 3 RO 2 

40 mins 

3Rj0 4 ROj 

3 1 hrs at 

r»H.,0 4 2RO s 

Devadft 



bath 


ord temp 


No 3 (691) — 

SR,0 4 . IURjOj 

23 R 3 O 4 . 13ROj 

do 

IIRjO* ROj 

5) hrs at 

3Rj () 4 . SROj 

Kodur. 


ord, tamp 

Clarivuli type 

8 K 8 0 4 7Rj()j 

23 K 3 O 4 7ROj 




Beldongri 

3R s 0 4 iltgOj 

4R,0 4 ROj 





type. 








Those data show that tho original specimen, in each case, contains the RO g 
group in oxooss of the It 4 0 4 formula This may be duo to the alteration (or 
replacement) of hausmannite to psilomolano and pyrolusite as detected by 
Dunn in both the Beldongri and Kodur specimens studied by Iyer (Dunn did 
not examine the Dovada material) As shown above, Mr. Ivor’s experiments 
show a selective solution of the RO„ group and a reduction of this in the residue, 
which could on this interpretation be entirely jacobsite, or jacobsito with 
some hausmannite 

Now that wo have good reason for regarding vredenburglte m its present 
form as an association of jacobHite and hausmannite with a 
type'apalysea^ certft i n proportion of other minerals in much smaller pro- 
portions, such ab psilomolane, pyrolusite, braumte, and, in 
the material from Beldongri, hematite, it seems dosirablo to reinvestigate the 
mineralogical composition of the type-specimens as represented by the analyses 
given on page 44 of my Memoir already referred to. In oach case we will 
assume that the magnesia is in the jacobsite, that the combined silica is due 
to the presence of braunite, and that tho aluminu, baryta, surplus lime (after 
allowing for apatite and oalcite), alkalies, and combined water are present in 
psilomolane, and also, based on Dunn’s work, that there is 2 per oont of hematite 
in the Beldongri mineral. On these assumptions the mineral composition of 
the two specimens is ’ — 
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Beldongri 

Qanvidi. 


1080 or 18/293. 

A. 340 or 18/502. 


Per oent. 

Per oent 

‘ Vredenburgite ’ 

75 33 

89 13 

Braun ite 

9-12 

200 

Psilomelone 

10 10 

860 

Hematite 

200 


Quartz 

0 86 


Apatite 

2 48 

0 07 

Calcite 

0 20 


Ti0 8 


0 14 

S 


0 03 

Ab*0 5 

. 0 01 


Moisture 

0 18 

0 20 


100 J4 100 17 

I have placed inverted commas about the first item because it has still to 
be determined whether the term vredenburgite should be applied to the whole 
of each of these specimens or restricted to the hausmannito-jaoobsite inter- 
growths. If the above mmeralogical interpretations are sound, then the 
composition of the ‘ vredenburgite ’ should bo susceptible of interpretation m 
terms of Mn„0 4 +Mn0 . Fe,0 8 , without knowledge of what proportion of tho 
Mn 8 0 4 is hausmanmte and what proportion is In the jaeobsite. The composi- 
tion of the ‘ vredenburgite ’ in the two analyses corresponds fairly closely to the 
following • — 

Beldongri . . . 3MnO . 2Mn 8 0 4 . 3(MnO . Fe 2 0 8 ). 

Oarividi . .. 3MnO . 12Mn 8 0 4 . 13(MnO . Fo,0 8 ) 


In each case there is a notable surplus of MnO, amounting to 12-97 per cent 
(on the total analysis) and 3-69 per cent respectively. 

A recalculation of tho mineral composition on the assumption that psilo- 
meiane is absent, and that the AI|0 8 , BaO, and other oxides are present as 
impuntios, shows then a surplus of 6-17 per cent of MnO, in the Beldongri 
specimen, and of 8-27 per cent in the Garividi specimen. Treating this surplus 
as pyrolusite, the mineral compositions can then be shown aB follows . — 


' Vredenburgite ’ 

B reunite 

Pyrolusite 

.Hematite 

Quartz 

Apatite 

Calcite 

Impurities 

Moisture 


Beldongri Garividi 

1080 or 18/293 A. 340 or 18/502 
Per oent. Per cent. 

70 37 85 89 

9 12 2 00 

0 17 8 27 

2 00 

0 80 

2 48 0 07 

0 20 

3 90 3 74 

0-18 0 20 


100-34 


100-17 
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The composition of the ‘ vredenburgite as thus separated from the 
other constituents of the specimen, is then as follows — 


Beldongri Ganvidi 

Per cent Per cent 

(Mn, Mg)0 . Fe 2 0 3 . . 38 01 44 28 

MnO Mn 2 Oj . 38 36 41 46 

76 37 85-8D 


It is, of course, impossible from these data to dotormine what, proportion 
of the MnO Mtij0 3 is associated with the (Mn, Mg)0 Mn g Oj as jacobsite, and 
what proportion is in the form of the mineral hausmanmte If half the 
MnO MiijOj were in the jacobsite then the ratio of jacobsite to hausinannitc 
m the ‘ vredenburgite ’ would bo roughly 3 1 , any other proportion could of 
course be selected to suit actual proportions as determined by measurement on 
a polished surfuco under the microscope 

It will be seen that the second interpretation ol these analyses gives a 
more satisfactory composition for the ‘ vredenburgite in that there is no 
surplus MnO over the R 3 0 4 formula On the other hand, psilomelane has 
been shown to lie present in these minerals under the microscojie This does 
not really cause any difficulty, for 

2MnO g = MnO, t +MnO, 

so that it would be simple to represent this MnO g as psilomelane by utilising 
sufficient of the ‘ impurities ’ in accordance with the general formula RjMnOf, 
adopted for psilomelane in my Memoir on the manganese-ore deposits of India 
On the other hand, if the view lie adopted that psilomelane is merely a colloidal 
mixture of oxides of manganese and other substances, there is again no diftu ult y 
in regarding a portion or all of the MnO g , with the ‘impurities’, as terming 
psilomelane Consequently, in the second interpretation the pyrolusito and 
‘ impurities ’ may be regarded as representing such mixture of psilomelane and 
pyrolusite as the facts require 

As my piir of type specimens from Beldongri and Ganvidi respectively 
yield on the foregoing interpretation such closely ton- 
Comparison of c . or( j ftn t analyses and com posit ions for the 1 vredenburgite ’ 
with *my* types portions thereof, it is of interest to submit to similar treat- 
ment Mr Iyer’s pair of analyses of specimens Nos 2 and 3 
from the two closely adjoining mines of Devada and Kodur in the Vizagajiatum 
district 

As Mr. Iyer’s analysos are only partial, it is not known if any allowance 
should be made for the presence of braunite, as would be revealod by the 
presence of combined silica ; but, assuming that all the undetermined 
constituents can be regarded as ‘ impurities ’, mainly available, with surplus 
MnOj, to enter into the composition of psilomelane, we can show the mineral 
composition of the Dovada and Kodur specimens as follows 
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* Vredeaburgite ’ 

MnO . FdjO| , . 

MnO « MxijOg 

Pyrolumte or surplus MnOj 
1 Impurities ’ 


Devada. Kodur. 

No. 2 or 690 No. 3 or 691. 
Per oent. Per oent, 


.. 56-561 

.. 21-69) 

. . 17-48 


78-24 


4-28 


56-10) 

24-42) 

16-98 


79 52 


3-50 


100 00 100 00 


It will be Been that although the Devada-Kodur pair of specimens, on 
this interpretation, are as similar mineralogicatly to each other as are the 
Belclongri-Ganvidi pair, yet there are marked differences between the two 
pairs. The differences and similarities are brought out in the following 
table •— 



The figures for the residues from the treatment of the Devada and Kodur 
specimens are also given, from which it is seen that the only important result 
of the treatment is the reduction in the proportion of MnO, surplus to the 
R,0 4 formula Whether we consider either the original specimens of the 
Devada-Kodur pair or the residues from their treatment, we see that m all 
the three molecular ratios given in the above table this pair is persistently 
different from the Beldongn-Kodur pair. In the Devada-Kodur pair the 
MqO . Fe^Oj/MnO Mn,0, ratio is over double, the Mn/Fe ratio is nearly half, 
and the MnO^Fe+Mn ratio is about two-thuds of the corresponding ratios 
for the Beldongri-Garividi pair. 1 


1 These differences ere not doe to the fact that in the Beldongri-Qarividi pair a oertain 
proportion of the oxides of manganese and iron have been excluded and treated as present 
in braumte and hematite. If no allowance is made for brannite and hematite, ratios 
A, B, C, D above become 1 022, 1-007, 1-990, and 0-166, respectively for the Beldongrl 
specimen ; and 8 62, 1-127, 1-831, and 0-156 respectively for the Oarividi specimen. 
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Thaf this difference should exist is surprising, for Ganvidi is close to 
Kodur and Devada 1 in the Vizagapatam District, whilst Beldongri is some 
300 miles away in the Central Provinces 

When the Devada and Kodur specimens were originally named 
vredenburgite they had not been anal} sod , now that they 
Devada and have been analysed it is clear that they can no longer be 
not^vredenbur* re 8 art ^ e ^ A8 examples of thiB mineral substance, if chemical 
Rite but show a ftna ty 81B ■* 8 to taken as the criterion. It so happens, 
similar Inter- however, that one of these two specimens, namely that 
growth. from Kodur, has also been examined microscopically by 

Dr. Dunn, and found to contain a hausmannite-jacobsite 
mtergrowth similar to that characterising the Garividi specimen,* so that if the 
name is to be applied to hausmannite-jacobsite mtergrowths irrespective of the 
proportion in which these two minerals are present in the intergrowth , and of 
the proportion of MnO Fe a O a to MnO Mn a O a m the jacobsite, then chemical 
composition has to give precedence to structure 

Whether chemical composition or structure is to be the deciding factor in 
the nomenclature really depends upon the significance of this mtergrowth of 
hausmanmte and jacolwite It is agreed by all who have worked on 
vredenburgite that this mtergrowth must represent the result of the break- 
down of a once homogeneous mineral, due probably to a change in the physical 
environment of the primary mineral , for example a fall of temperature, with 
or without a concurrent fall of pressure, presumably at a time when the mineral 
and its associated rocks were deeply buried and subject to physical conditions 
much more severe than those experienced at the surface. 

If wo can assume that when this break-down of the primary homogeneous 
mineral took place conditions were such that no removal or 
Primary^vreden - a( j({ ltlon G f constituents occurred, particularly of oxygen, 
then, allowing for the possibilities of subsequent modifica- 
tions at or near the surface, such as hydration and oxidation, with formation 
of such a mineral as psiloraelane, we ought to be able to deduce from the 
present composition of the purest material available the composition of the 
primary vredenburgite 

Of "the two specimens originally investigated by me that from Ganvidi 
was undoubtedly the purer, consisting as it did of large crystal units with a 
noticeable cleavage (or parting) and marked polarity The greater purity is 
also indicated by the analyses. Assuming that in both specimens the iron was 
present as Fe a O a and the manganese as Mn a 0 4 , and assuming trivial errors in 
the determination of available oxygen, it was found that both the Beldongri 
and the Garividi analyses corresponded closely to the formula 3Mn a 0 4 2Fe a O a . 


• See map, Mm. Otol. Surv. Itui , XXXVII, p. 1051, 

• Loc. oit., p. 110. 
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But if the oxygen, manganese, and iron as actually determined be utilised, then 
the formula approximate to — 

Beldongri 1 . . . . 7Mn,0 # 10(Mn, Fe) 8 0 4 , 

Garividi .. .. .. 7Mn,0, . 8(Mn, Fe),0 4 , 

with Mn : Fe in the (Mn, Fe) 8 0 4 approximately 1 : 1.® 

If one assumes that the primary vredenburgite was a compound including 
not only the constituents of the hausmannite and the jacobwite, but also the 
surplus MnO t now represented by pyrolusite and psilomelane, then Rome such 
formula as those just given may represent the primary mineral, with the 
sesquioxide group nearly as important as the protosesquioxide group 

The break-down of the Ganvidi formula would then give some such result 
as the following • — 

2 [7Mn 1 O s . 8(Mn, Fe)„0 4 ] = 12 (MnO Fc,O t ) + 

Products of 11 (Mn ° • Mn *°») + 7M„0, , 

break-down of OT if the simplest formula for vredenburgite used in my 

primary vreden- Memoir be adopted, thon the break-down can be shown 
burglte. , * ’ 

more simply as follows — 

3Mn 8 0 4 2Fe t Oj = 2(MnO . Fe,O s ) + 2(MnO MiijO,) -)- MnO*. 

Tlie composition of a mineral of formula 3Mn s 0 4 . 2Fe t O s would be — 

Per cent. 

MnO t . . . . . . . 25-92 

MnO . . . . 42 30 

Fe a 0 8 .. .. .. .. 31-78 

100 00 

and this rearranged to show the composition after break-down in accordance 
with the foregoing equation gives • — 

Per cent 
45-88 
45-48 
8-64 

100-00 

It is unknown what decides the distribution of MnO , Mn t O, between haus- 
mannite and jacobsite, but if half goes to each then the composition of the 
intergrowth formed by the break-down of 3Mn 8 0 4 . 2Fe a O, would be • — 


MnO FejOg 
MnO . Mn 8 0 8 
Mn0 2 . 


i There is an orror in the Beldongri calculations on page 48 of Mem. Oeol. Surv Ind., 
XXXVn. The figures for MnjO s and Mn 8 0 4 should read 27-8® instead of 28 23, and 33-64 
instead of 34 64. 

* 1-218 and 0-967 respectively. 
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J aoobsite MnO Fe,0 8 — 45 88 "i 
MnO Mn,O s — 22 74 j 
Hausmannite 
PyroluBito 


Por cent 
68-62 

22-74 
8 64 

100 <M> 


The composition of jacobstte of the composition shown above would lie — 


MnO 

Mn 2 0 8 

Fe 2 Oj 

MgO 

SiOj and CaO 


Per cent. 
30 82 y 
22-87 J 
46 31 


Langlmn 
Per cent 

54 80 

43 85 
0-94 

1 15 


100 00 100 74 


The composition of the second L&ngban analysis in Dana is placed alongside 
for comparison. 

It seems clear from the evidence of the microscofio that vrodenbnrgite in 
its present form is characteristically and mainly an intorgrowth of hausmannite 
and jacobsite, with the latter mineral predominating. It. seems equally dear 
from the chemical side that both my original vredenburgito and also the 
material examined by Mr Tyer, together with the residues from their chemical 
treatment, contain MnO s in excess of that required for the haiismannite- 
jacobsite intorgrowths, which should conform to the general formula RO R s 0 8 
or R # 0 4 Such surplus Mn0 2 is at least m part present in the form of visible 
psilomelane and pyrolusite, of which the former may be held to bo due to later 
oxidation (Dunn, eg describes the replacement of hausmannite by psilo- 
melane) Orcel and Pavlovitch have recorded, however, that in addition to 
the a and /J constituents of vredenburgite there is also frequently a fino bund 
of a substance with the characters of polianite bordering the needles of fi (i e 
of hausmannite). There appears to be no evidence that this supposed polianite 
is late ran age than the two principal constituents of the intergrowth , and we 
seem here to have evidence of the existence of the surplus MnO g required by 
the break-down equation given above. As, however, such surplus MnO, is 
not always observed as an apparently original constituent of the intorgrowth, 
and as the amount of surplus MnO t required for a mineral of original com- 
position 3Mn,0 4 2Fe g O t is only 8-6 por cent, it is also possible that within 
small but unknown limits such surplus MnO g may remain latent in solid solution 
in the hausmannite-jacobsite intergrowth. This possibility might account for 
the fact that even after the most severe treatment Mr Iyer’s residues still 
contain a surplus pf MnOj over tho R 8 0 4 formula It might also account for 
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anisotropism in some of the jacobsite. In the Beldongri material there is dear 
evidenoe of the presence of other minerals than hausmannite and jacobsite, 
e g. pyrolusite-psilomelane aggregates in figure 0 of Dr Dunn’s Plate VI. 

The evidence is admittedly incomplete, but on the whole it seems necessary 
to adopt the view that the primary vredenburgite, before 
Primary vre- ^ M8ume ^ break-down with change of conditions, had not 
■ptoeUkT* ° 0t * the simple R a 0 4 formula, but m addition contained surplus 
RjOg, 1 as is shown by the simplest formula adopted by me 
for the typo material In fact, on this interpretation, the primary mineral 
was not a plain spinellid Had it boon so there seems to be no reason why, 
on chango of physical conditions, the primary mineral should have separated 
into hausmannite and jacobsite, unless the different, crystal symmetry at 
ordinary temperatures, one being tetragonal and the other cubic, should be 
sufficient cause. It seems necessary in any case to assume that the association 
of this surplus RgOg with R a 0 4 was only stable at a relatively high temperature 
(and/or pressure), and that on fall of temperature (and/or pressure), the Mn 8 0 8 
separated into MnO t , and Mn s 0 4 , with the occasional separation of surplus 
FejOj as hematite (cf Dunn’s Plate VI, figure 4) 

On this basis we may accept the primary vTedenburgite of Beldongri and 
Garividias a mineral of the formula 3Mn a 0 4 2Fe,O a (=4R 3 0 4 . RO a ), which 
has, on lowenng of temperature (and/or pressure), split up into a secondary 
vredenburgite consisting of a predominant hausmannite-jacobsite intergrowth, 
with some surplus MnO,, now represented by visible pyrolusite and psiJomelane, 
or by surplus MnO* in solid solution m the mtergrowth. 

Attention must be drawn, however, to an analogous substance from 
Jakobsberg, Sweden* which gave an analysis closely 
tergrowth^ftem resem ^ in 8 m y vredenburgite analyses, but in which the 
Jakobsberg. proportions of oxides can be interpreted as agreeing closely 
with the ratio JRO : R g O s , so that no surplus MnO g is 
present. This Jakobsberg mineral also shows a lamellar intergrowth assumed 
to be a spinel and hausmannite The proportions of MnO, MnO t , Fe s O a , 
Mn, and Fe may be compared with those for my Beldongri and Garividi 
specimens as below : — 

Beldongri. Ganvidi. Jakobsberg. 

MnO t 23 87 24 94 23-17 

MnO . . 38-24 38 03 42 86 

Fe,0» . . . . 28 86 31-20 30 68 

90-76 94-86 96-60 

Mn . . 44 62 46 62 48-20 

Fe 20-19 21-90 21 48 

The Jakobsberg mineral has a Mn/Fe ratio of 2-24, and a molecular ratio 
of MnO,/Fe-f Mn of 0-211, both close to those for vredenburgite of formula 
l R|0« + ROj«*2RjOj. 

* K. Johemeen, Zmt.f, Krut VoL 68, p. 116, (1928). 
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3Md, 0 4 2Fe,0, The second ratio is lower than for my two specimens due to 
the substantially higher MnO m the Jakobs berg mineral 

On referring to the table on page 270 it seems, at first, that we cannot 
admit the Devada and Kodur specimens to be vredenburgite 
because of the great departure of the molecular ratios 
B, C, and D, from those of the type vrodenburgite of Bcldongri and Oarividi 
The reason for these differences is the much higher proportion of MnO Fc s Oj 
m the Devada-Kodur pair than in the type mineral, affecting ratio B, and 
consequently ratios C and D, which depend on B It is evident that the 
primary mineral of Devada and Kodur before break-down could not have had 
a formula even approximating to 3Mn 8 0 4 2Fc s O s , owing to (he much higher 
percentage of iron ; and that if wo were dealing with the pine minerals m a 
form that we could handle we should require different names for the two 
forms (the Devada-Kodur pair and the Beldongri-Garividi pair), in the same 
way as the various members of the spinellid group of minerals have different, 
names to indicate their different compositions, e g magnetite, numgan. 
magnetite, and jacobsite. In fact it seems necessary to propose a name for t he 
mineral represented by the two specimens from Devada and Kodur analysod 
by Mr. Iyer The name of the village Kodur has already lieen used for the 
rock series with which the manganese-ore deposits of this part of India are 
associated ; it sooms suitable therefore to use the name of the other locality 
and to call this mineral devadite 

To obtain an approximate idea of the composition of the primary devadite 
we must assume that the constituents not estimated m Mr. Ivor’s analyses 
Nos 2 and 3 represent impurities, and as the two analyses are so closely 
similar we may take an averago of the two — 



Devada. 

Kodur 

Mean 

Molecular ratios 

MnOj 

Per cent. 

25 73 

Per cent 

26 26 

Per cent 
26 00 

Mn 8 0 4 =- 1442-5 X 0284 

MnO 

30 84 

32 09 

31 46 

Mn 2 0„- 1547-5 x 0300 

FejO* 

39 15 

3815 

38 65 

Ke*0 3 - 2416-8X 0302. 


This gives an approximate formula of 5Mn 3 0 4 5Mn 2 0 4 8Fe 8 0 3 The 
break-Sown of this primary devadite into the secondary intergrowth can be 
represented as follows . — 


2[5Mn 8 0 4 . 5Mn t O, . 8Fe a O } ] «= 16(MnO. Fe 2 0,)+7(Mn0 Mn 8 0 3 ) + 13Mn0 8 
This corresponds to the following composition after break-down — 



Per cent. 

MnO . Fe t 0j 

57 48 

MnO . Mn a O s 

. 24-93 

MnO* 

. 17-59 


100-00 
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Since we have found it necessary to introduce a separate name for the 
Devada-Kodur pair of specimens it is desirable to set out side by side the 
available data for vredenburgite and devadito in order to display the similarities 
and differences. This is done herewith . — 



Vredenburgite. 

Devadite. 

Formula {primary mineral) 

3MnsC>4 2KejOg 

5MngOg ♦ 8F©gOg 

Formula (secondary Aggregate) 

4R 8 0 4 -(-Mn0 2 

23R s 0 4 -f lSMnOg 

Chemical analysis (formula) . — 

MnOj 

MnO 

FejOg 

Per cent 

25 92 

42 30 

31 '78 

Per cent 

27 06 

33 13 

39 81 


100 00 

100 00 

Mn 

Fe 

49 in 

22 24 

42 77 

27 87 

Mineral analysis (formula) • — 

MnO . FegOg 

MnO . MngOg 

MnOg 

45 88 

45 48 

8 64 

57 48 

24 93 

17 59 


ioooo 

100 00 

RgOg/MnOj 

10 57 

4 08 


Molecular 

Moleoular 

MnO . FegOg/MnO . MngOg 

Mn/Fe in primary mineral 

Mn/Pe in Rg0 4 

MnOg/Fe+Mn m pnmary nrinwal 
Mn0 2 /Fe+Mn in R a 0 4 ’ ■ ' 

1 00 

2 25 

2 00 

0 231 

0167 

2 29 

1 56 

109 

0 244 

0 101 

It is ovident from a study of these figures that the chief difference between 
vredenburgite and devadito is the great difference between the ratio of 
MnO . Fe.,0 8 to MnO . Mn f O s , this being unity for vredenburgite and about 2J for 
devadito. It is also evident that future research may load to the discovery of 
material with intermediate values for this ratio and that it will then be necessary 
to decide whether to introduce still another name or preferably to partition the 
intervening field between vredenburgite and devadito. 

Although chemical facts appear to require two names as proposed, yet 
without chemical examination it is not on present, data 
burglte tfmp’of P 08R *^ e to distinguish devadito from vredenburgite 
mlnei^%ib- Consequently it will be nocessary to continue to use the 
stanoSs. term vredenburgite in a general sense as the name of a 

group of subetanoes, recognising that on closer examination 
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some of the substances so named will prove to be different from the original 
vredenburgite, i c from vredenburgile in its restricted sense 1 We shall also 
be able to continue to speak of the vredenburgite type of structure or inter- 
growth irrespective of the actual proportions of the constituent hausmanmte 
and jacobsito. 

Whilst I have given above special formulae for the original vredenburgite 
and for devadite, a genoral formula can be devised to cover them both, and 
also related substances This formula is 

aMn a 0 4 . 6(Mn, Fe) g Oj 

a formula, which is obviously related to the general formula proposed by 
Mr Iyer (see page 263). 

The formula of vredenburgite and devadite have been discussed oil the 
assumption that the MnO g (or a portion of it) must be regarded as one of 
the products of break-down of the primary mineral This is based on the 
inherent assumption either that the MnO g was a part of the primary 
mineral or that the surplus oxygen was in some wav occluded in the 
primary mineral, and in the latter ease participated in the bieak-down of the 
primary mineral with production of free MnO g Such a caso would be 
analogous to those discussed by me some years ago in connection with the 
formation in tho Central Provinces of deep-seated manganese-oxide orps 
from manganiterous silicates and of deep-seated calcite from rale-silicate 
nnneials* Should, howevor, later research show that all the surplus Mn0 2 
m thoso secondary vredenburgitie aggregates is to he attubuted to surface 
oxidation, without selective attack upon either of the pnm ipal minerals of the 
assemblage, then taking tho figures from the table on page 276) and ox< hiding 
the surplus MnO a , and taking also tho analysis of (he substance from 
Jakobsberg, Sweden, referred to on page 274, we may compaie the ratios 
of MnO Fe a O a and MnO Mn g 0 3 as follows — 



Jakobsberg 
• mineral ’ 

Vredonburgite 

Dovadite 

(Mn, Mg)() Fe g O, 

43 35 

45 88 

57 18 

MnO Mn g 0 3 

51 52 

45 48 

24 93 

Ratio 

Mn g Og 

0 85 

l 1)0 

2 29 


Tho forjpula for the primary minerul ih then in each ease MnO (Fc, Mn) g () a , 
the differences lying m the ratio of Fe g 0 8 to Mn g O a The ratio for tho 
Jakobsberg substance is sufficiently dose to that for vredenburgite for the 
primary Jakobsberg mineral to lie included under vredenburgite 

1 If these minerals were commoner and tho matter, therefore, of more importance 
it would be easy to remove tho ambiguity arising from tho use of the term vredenburgite 
in both an extended and a restricted sense, by retaining the term in the extended sense 
that it has acquired and proposing a special term for tho original mineral , ganwdtie 
would then be appropriate. This refinement seems unnecessary, however, at present. 

* • On the Formation in Depth of Oxidised Ores and of Secondary Limestones ’, 
Comptee R endue, XII, Congrie gM. intern. Toronto, pp. 271-274, (1913). 
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The essential difference between jacobsite and the vredenburgitic minerals 
then lies in the low M> 2 0 # contents of jacobsite 

Postscript to Sectum II 

Since this papor was written, I have received from Mr. M R. 
Anantanarayana Iyer a copy of a later paper entitled ‘ A Graphical Representa- 
tion of the Composition of some Manganese minerals including a discussion of 
the nature of Vredenburgite ’, Rec Mya Oeol Dept., XXXV, pp 73-85, 
(1937). Some additional analytical results are given, reinforcing the author’s 
previous work. Taking account of the microscopical demonstration of other 
authors that vredenburgite contains hausmannite lamellae, Mr Iyer treats this 
as an intergrowth not with jacobsite, but with an assumed definite compound 
vredenburgite, and in his oovering letter to me Mr Iyer writes that irom the 
results discussed in the two papers published he finds it difficult to believe 
that some specimens of vredenburgite do not contain a compound whose 
molecule contains more oxygen m it than is present m a spinel mineral con- 
taining manganese and iron 

As seen above I have accepted the surplus MnO, as having probably 
been an inherent part of the presumed primary vredenburgite, and treat the 
secondary vredenburgite (and devadite) as mtergrowths of jacobsite and 
hausmannite, with the surplus MnO* not required by the Bpmel formula now 
appearing as pyrolusite or psilcmelane, or possibly sometimes concealed in 
solid solution 

Mr Iyer gives an ingenious graph showing the position of various 
manganese and iron oxide minerals My two vredenburgite analyses fall on 
the line ON in his group representing the formula oFojO, 6Mn„O t , and his two 
analyses of what I now call devadite fall on the line MP representing the formula 
oFe s 0 4 . 6Mn,0, Using the general formula aMn s 0 4 . 6(Mn,Fe) s 0 8 for the 
vredenburgite group adopted by me, it is not surprising to find thut the spots 
representing these four analyses m Mr. Iyer’s diagram fall roughly on a straight 
line with bixbyite, Fe t O, . Mn 8 O s , which might then bo regarded as the end 
member of the vredenburgite series in which a =» zero. 


III. SlTAPABITE 

Sitapante has also been Btudied in polished and etched surfaces by 
Christie and Schneiderhbhn and their results confirmed by 
Cbrtode, Sch- Ramdohr and an account of this research, based in a 

neloerhohn , aitd 

Ramdohr. ^ study both of material from Sitapar, the original Indian 
locality, and on specimens from Postmasburg in South 
Africa, is given in the work already cited 1 According to Schneiderhbhn and 
Ramdohr sitaparite shows close resemblances both to braunite and to 
jacobake, being closer to the former Under the ore-microscope sitaparite is 
distinguished from braunite by its somewhat yellower tint and slightly greater 


1 ‘ Lehrbuoh der Enmikroskopw ’, pp. 872-574, (1981). 
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brightness, and greater degree of etching with hydrofluoric acid. Both 
sitaparite and braunito are found to be weakly anisotropic No cleavages are 
seen The chief difference is the complicated lamellar twinning seen in both 
Indian and South African sitaparite. From jacobsito, which, like sitaparite, 
is olive-yellow towards braunite and also magnetic 1 , sitaparite is distinguished 
by amsotropism and somewhat greater hardness Although the crystal system 
of sitaparite is unknown, it is regarded as probably tetragonal like braunite, 
and with the same lattice 

The authors point out that as the occurrences of sitaparite arc* in 
manganese-ore deposits formed by the regional or contact metamorphisin 
of sedimentary manganese-ore deposits the mineral is probably more widely 
spread than is at present known. It is also suggested that the somewhat 
complicated formula for sitaparite adopted by me may be interpreted oh 
representing an original psilomelane gel that on metamorphisin has crystallised 
in the braunite lattice This is, of course, only surmise, as it is not known 
that sitaparite and braunite do possess the same lattice 

Professor Kehneiderhdhn also discusses Hitapanto in a paper on the 
manganese-ores of Postmasburg in South Africa 4 In 
S °Bitaparite Un * hese ores, based on his microscope studies, he recognises 
various stages of past motamorpluc history, as shown in 


the following statement (retaining only the ore minerals) . — 




Manganese and iron minerals 

Diapht heretic ami sub-roc 

ent to recent weathering 

Psilomelane 

products 

Pyrolusite 

Pohanite 11 

Metamorpluc paragenesis 

Second stage 

Sitaparite 

First stage 

Braunite-hcunaiite 


Archo-inetamorphic * 

l’oluuute II 


mcnorslg and dia 

Mangacuto 



Pro-metamorphic remains ^ 

Primary minerals 

Not reoouod (probably pyrolusite 
psilomelane, iunonite) 


1 I find sitaparite to be much less strongly magnetic than vredenburgite, and therefore 
presumably than jacobsite to which vredenburgite appears to owe its strongly magnetic 
property. Also braunite is weakly but distinctly magnetic. See Mem. Geol. Sure. Ind , 
XXXVII, p. 63, (1909) 

* ‘ Mineralbestand und GefOge der Manganerze von Postmasburg, Gnqualand Woafc i 
Slldafnka Neuee Jahrb. f. Mtnerologie, tic., Beilage-Band 64, Abt. A (Brauna-Festbuch), 
pp. 701-726, (1931). 

* F. Rhine's term to describe the commencement of metamorphio alteration and its 
resultant minerals, loo. eit., p. 704. 
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From the study of the sitaparite of this locality it is often seen that a 
large idiomorphically bounded crystal has broken down into a number of 
irregularly bounded units of varied orientation with lamellarstructures recalling 
the twinning lamell® of leucite : and the conclusion is drawn that sitaparite 
represents the product of enantiomorphic alteration of a cubic or tetragonal 
mineral stable at a higher temperature into a tetragonal or rhombic mineral 
stable at a lower temperature. Crystals with zonal structure are also found, 
and the shells are probably not all of the same composition An outer shell 
of braunite is not uncommon. Inclusions of hematite are also present, often 
as relict structures cutting through the crystals. On the other hand lamella; 
of sitaparite occur in braunite and are regarded not as the result of the breaking 
down of a pre-existing mineral, but as due to parallel growth The braunite 
also contains specular hematite zonally arranged The hematite of these 
ores is regarded as contemporaneous with the braunite 

Concerning the relationship of sitaparite to braunite and hematite 
Sohneiderhohn finds that in the PoBtmasburg ores sitaparite is younger than 
braunite and grows idioblastically thorein, the hematite included m the 
braunite largely disappearing m the process The author concludes, therefore, 
that sitaparite represents a higher stage in the metamorphism of braunite, 
rendered possible at higher temperatures and pressures in the presence of 
hematite, thus — 

Braunite •+■ Hematite -> Sitaparite 
Mn.Mn0 8 + FejOg -► (Mn, Fe)MnO a 
Orcol and Pavlovitch (loc. at., p 158) have also studied sitaparite, and 
their results are given in the paper already cited The 
Pavlovitch material used was that of Sitapar only The only 

difference between the results of their work and that of 
Schnoiderhohn and Ramdohr is that they find sitaparite to bo isotropic and 
therefore to belong to the cubic system, whilst cleavages were detected The 
anisotropy noticed by Schneiderhohn and Ramdohr may be due to Btrain , 
and it may be recallod that the a constituent of vredonburgite was found to 
be anisotropic by Orcel and Pavlovitch and, as jacobsite, isotropic by 
Schneiderhfihn and Ramdohr 

Dunn (loc. ctt., p. Ill) finds the sitaparite of Sitapar to be so weakly 
J A Dunn anisotropic as to be regarded as isotropic at times He 

also discusses ( loc at., pp 114, 115) the mutual relation- 
ships of the sitaparite- braunite ores of Sitapar He finds that the braunite 
veins and replaces the sitaparite ; in ore from Gowari Warhona in the same 
district, the braunite may be replacing the sitaparite, but the relation is more 
akin to that of simultaneous intergrowth. Dunn considers (p 121) that at 
least a portion of the braunite in these Chhindwara ores is later than the 
sitaplpite (and hollandite), and that the formation of this later braunite must 


be regarded as due to regressive metamorphism. As the direction of change 
noticed in the Indian ores is the reverse of that observed by Schneiderhfihn 
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in the Postmasburg ores, Dunn looked for evidence of the reversal of 
SchneiderhOhn’s equation given above. No hematite wuh found, but, as 
Dunn remarks, the Fe s O a might possibly have been absorbed by the hollandito 
Perhaps I may contribute to this discussion on the relationship of braumte 
to sitaparite 

Two comments may be made on the simplified formula assigned by 
Sehneiderhohn to sitaparite It is true that by neglecting 
results about 13 per cent of its constituents my formula for situ- 

pante (see jiage 254) can be simplified to 9Mn g 0 a 4Ke t O a 
and the latter rearranged as (Mn & Fe g ) (Mn0 3 ) u or (Mn, Fe)MuOj But this 
involves regarding the whole of the very considerable amount of iron (19 32 
per cent in the specimen analysed) as present in tho ferrous condition in the 
presence of peroxidised manganese 

Tho other comment applies to the formula assigned to braumte Main 
years ago I went very carefully into the composition of braumte and in 
particular into the point whether silica is an essential constituent 1 One 
conclusion was that whilst, it seems necessary to recognise the possible existence 
in Nature of a mineral with a composition corresponding to the formula 
Mii|O a , such mineral must be extremoly rare (loc ctl , p 64) A second conclu- 
sion was that braumte is probably an lsomorphous mixture of manganit.es of 
tho general formula RMnO, and of metasilicates of the general formula RNiO a . 
giving the formula 

wiRMiiOj+nRSiO, 

Further, as in all the analyses considered the ratio of m . n lies between the 
limits of 3 I and 4 1, and as manganese is the predominant basic constituent, 
the formula may tie stated more definitely as 

wiMnMn0 3 +«MnSiO t 

with the ratio m n usually between the limits of 3 1 and 4 1 (loc cit , 
p 67)/ 

As the original braunite of Elgersburg in Thuringia and of St Marcel in 
Piedmont each contain high silica (8 63 and 7-70 per cent respectively corres- 
ponding to ratios of m n = 7 2 and 4 1) it must lie emphasised that the 
correct formula for braunite must be one allowing for the presence of a sub- 
stantial amount of silica MtijOj is an exceptional mineral and should its 
existence be satisfactorily proved it should be given a separate name 

Further, in the Memoir eitod, an analyst is given of braunite from Sitapar, 
showing 8 52 per cent of SiO s , giving m • n = 16 4 It seems dear thou that 
Schneiderhtthn’s equation, if applied to Sitapar minerals, would have to show a 
liberation of free silica in one direction and an absorption in the other As no 
analysis appears to have been published it is not known whether the braunite of 
Postmasburg contains silica or not, and consequently whether Schneiderhohn's 
equation in its present form applies even there Judging from the analyses 


i Mem. Qeol. Surv. Ind., XXXVII, pp 63-77, (1909). 
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of the ores as exported, which show percentages of silica comparable with those 
of Indian ores, it seems likely that the South African braunite is a normal 
one with substantial amounts of silica 

As Dr Dunn has found that some of the Sitapar braunite has been formed 
by the replacement of sitaparite, it is of interest that both minerals contain 
notably high amounts of lime . 4-28 per cent in the braunite and 6-14 per 
oent in the sitaparite. 

When in South Africa m 1929 I met Dr. Schneiderhohn at Kimberley 
during one of the excursions of the International Geological Congress, and he 
informed me then that he had found sitaparite in the ores of Postmasburg. 
At the end of the Congress excursions I returned to Kimberley specially to 
visit Postmasburg, and was able to verify for myself the presence of sitaparite 
in this field and to collect specimens. At the time it appeared to me that the 
tint of the sitaparite of Postmasburg was less bronze-like than that of Sitapar, 
though showing a distinct yellowish cast as compared with the other minerals 
in the ores This indicated some variation from the composition of the Indian 
sitaparite ; but as my oollectioR of manganese-ores was unfortunately lost in 
transit, I was not able to test this point. 

As Dr. Schneiderhfihn’s micro-photographs appear to justify his con- 
clusion that at Postmasburg braunite and hematite havo together yielded 
sitaparite, and as the liberation of SiO, has not been noticed as accompanying 
this process, we must assume that the liberated silica has been removed in 
solution from the scono of reaction, or less probably (see above) that the 
braunite of Postmasburg is one of those rare examples of braunite correspond- 
ing to the formula Mn,O s without MnSiOg m isomorphous admixture. 

It appears therefore that careful chemical analysis of both the braunite 
and the sitaparito of Postmasburg is desirable. 

It will be seen from the above that there is doubt about the crystal system 
of sitaparite. When originally described by me no crystals had been found, 
but I suggested that the almost perfect cleavage planes might be octahedral 
( loc cil , p. 49) Schneiderhdhn and Ramdohr consider that the mineral 
was originally either tetragonal or cubic, more probably the former on account 
of its anisotropism ; whilst Orcel and Pavlovitch regard it as cubic on account 
of its isotropism. Specimens from Sitapar were later obtained by me showing 
crystal faces suggesting the octahedron • but these faces were not sharp enough 
for crystallographic study. 

At Poetmasburg also I collected specimens showing octahedral crystals 
in cavities, but these were in the lost collection. So it still remains unknown 
whether t h gjjg j fit te s belong to the oubic octahedron or to the tetragonal pyramid. 

IV. SlTWMARY 
(a) Vredenburgite, and devadite 

In this paper an account is given of the micrographic work on vredenburgite 
done of recent years by Christie, Sohneiderhohn and Ramdohr, Oroel and 
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Pavlovitch, and Dunn, and the chemical work by Anantanarayana Iyer. 
By oombming these results with those originally obtained by myself, it proves 
possible to make suggestions concerning the comjiosition and nomenclature of 
vredenburgite. 

2. Vredenburgite in its present form is a composite substance, 
characterised chiefly by a microscopically visible intergrowth of hausmannite 
and jacobsite, the latter predominating In addition there is usually, associated 
with this intergrowth, pyrolusite or psilomelane, or both In any case chemical 
analysis always reveals the existence of a surplus of MnO t over the general 
formula R 3 0 4 of the hausmannite-jacobsite intergrowth, so that when such 
surplus MnO, is not rocognisablo as a separate mineral it may he assumed to 
be included, possibly m solid solution, in the visible minerals of the mtorgrowth 

3 It is probable that vredenburgite in its present form is the result of 
the breakdown, on amelioration of metamorphic conditions [eg falling 
temperature and/or pressure), of an original homogeneous mineral, to which 
the term primary vredenburgite may be applied 

4. Assuming that the surplus MnO, in the secondary vredenburgite of 
our collections has, at least in part, been liberated on the breakdown of the 
primary vredenburgite, it seems correct to utilise the results of the chemical 
analysis of our secondary vredenburgites, after allowing for impurities and 
surplus minerals to deduce the composition of the primary vredenburgite 
On this basis slightly differing formula) result for the type specimens from 
Beldongri and Ganvidi, but they are sufficiently t lose to the simplest formula 
already proposed in my Memoir on the manganeso-ore deposits of India, 
namely 3Mn,0 4 . 2Fe,0„ for the hitter to be adopted. 

6 From this primary vredenburgite the secondary vredenburgite of our 
specimens is assumed to have been formed according to the following 
equation : — 

3Mn 8 0 4 . 2Fo,0, <== 2(MnO Fe,0,)+2(Mn0 Mn,0 8 )+MnO„ 
the right-hand side of the equation corresponding to the following composi- 
tion — 

Per cent 

MnO Fe t Oj . . . 45 88 'j Hausmannito- 

> jacobsite in- 

MnO Mn,0, .. .. 45 44 j tergrowth 

MnO, . . . . . 8 64 

100 00 

6 Taking MnO . (Fe, Mn),0, as the formula of jacobsite and MnO Mn,0, 
is that of hausmannite, it is obviously impossible to allocate the MnO Mr,Oj 
between the jacobsite and the hausmannite, except on the basis of actual 
measurement of the areas occupied by the two minerals as shown on polished 
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surfaces. These surfaces show that the jacobsite is always largely predominant 
over the hausmanmte. If we allocate the MnO , MnjO, equally between the 
two minerals, then we have a ratio of jacobsite to hausmannite of about 3 
to 1, and the jaoobsite has a composition agreeing roughly with that of one 
of the L&ngban analyses Actually, judging from the published figures, 
the proportion of jacobsite is usually greater than this. 

7 If we are correct in treating surplus MnO g as a part of the primary 
vredenburgite, then the latter was not a plain spinellid, and the breakdown, 
on lowering of the metamorphie conditions, may be due to the rejection of 
this surplus ; and the separation of the remaining R,0 4 into jacobsite and 
hausmanmte may bo due to the existence of a limit to which MnO Fe g O g , 
the fundamental jacobsite, can retain MnO . Mn g O a in isomorphous asssociation 
at lower temperatures and pressures, and to the fact that under ordinary 
conditions MnO Mn g O a as hausmannite possesses tetragonal symmetry as 
opposed to the cubic symmetry of jacobsite 

8 Should evidence ever be forthcoming to show that the surplus MnO g 
of secondary vredenburgite is all of later origin, so that the primary mineral 
was a spinollid in composition, then the breakdown on amelioration of condi- 
tions can be interpreted as due to the separation of tetragonal hausmannite 
from cubic jacobsite, due to immiscibility under these lower conditions 

9. The purest available specimen of vredenburgite is my type material 
from Oarividi, which shows large crystal units with well-developed ‘ cleavage ’ 
planes, these being presumed to be pseudomorphs after the crystal units of 
the primary mineral, and not units of the present intergrowth 

10. The cause of the magnetic properties of the secondary vredenburgite 
is, of course, the jacobsite The deep brownish black to deep chocolate 
streak of vredenburgite is derived from the blackish brown streak of jacobsite 
and the chostnut-brown streak of hausmannite. 

11. Of the specimens investigated chemically by Mr. Tyer, two, from 
Devada and Kodur respectively, gave analytical results closely concordant 
with each other, but differing widely m composition from the Beldongri- 
Garmdi type pair. The principal difference lies in the ratio of MnO Fe g O g 
to MnO . Mn g O g , which is 2 29 in the Devada-Kodur pair against 1-00 in vreden- 
burgite of composition 3Mn g O g . 2Fe g O g This difference affects also Mn/Fe 
ratios and the ratio of MnO g to Fe+Mn On the other hand the specimens 
exhibit the physical properties of vrodenburgite, and the one microscopically 
examined (Kodur) shows the hausmaimite-jacobsite intergrowth. 

Whilst^ therefore, the Devada-Kodur pair must be accepted as belonging 
to the vredenburgite group, yet a separate name seems necessary to prevent 
confusion. The name demdtle is proposed 

12. The principal chemical differences between vredenburgite and 
devadite are shown on page 276. They may be summarised in the following 
formulae and ratios : — 
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Vredenburgito. 

Devadite 

Primary mineral 

:IMn a O, 2Ko 2 0 | 

r>Mn,0 4 /)Mn,0 8 8Ke z O a 

Secondary aggregate 

4R,() 4 + MnOjj 

23R 8 0 4 -t-13Mn0 2 

Mn/Fe of 

2 (Hi 

1 09 


Roughly speaking vredenburgito is the high -manganese member of the series 
and devadite the high-iron member. Should intermediate members of tho 
series be subsequently found they should be termed vredenburgito or devadite 
according to their chemical affinity. 

13. As a general formula for tho group, we may adopt 

aMn 8 0 4 b( Mn, Fe),0 8 

if wo are referring to tho primary mineral , or 
aR 8 0 4 -f6Mn0j 

if referring to the secondary aggregate 

14. The structure of both secondary aggregates may be appropriately 
referred to as tho vredenburgtte structure 

15 Should subsequent research show that the Mn0 2 of the secondary 
aggregates is additional and not proper thereto, then the formulae of primary 
vredenburgito and devadite both become 

MnO (Pe, Mn) t O # , 

with the ratio of Pe„0 3 to Mn 8 0 8 ranging from unity for primary vredenburgite 
to 2J for primary devadite, the ratios for hausraannite being zero and for 
jacobsite much higher than for devadite (16-7 per Damour’s type specimen) 

(&) Sitapante 

16. - An account is also given of the micrographic work by the same 
authors, upon sitapante, both from its original locality Sitapar in the 
Chhindwara district in India, and from the Postmasburg field in South Africa, 

17. Schneiderhohn’s work shows a passage of braunite plus hematite 
into sitapante, and the following is suggested as the type of reaction — 

Braunite 4* Hematite ->• Sitapante 
* Mn MnO, + Fe t 0 3 -> (Mn, Fe)MnO a 
As normal braunite contains from 8 to 10 per cent of SiO f aB MnSiO s , silica 
should appear on the right side of the above equation In its absence it must 
be presumed either that the Postmasburg braunite is of abnormal composition, 
or that silica has been removed in solution from the scene of action The 
formula for sitaparite given in the above equation is a simplification of mine 
and has not been justified by chemical analysis 

18 Dunn in studying the Chhindwara sitaparite finds braunite later than 
sitaparite, and regards tho formation of braunite as hero due to regressive 
metamorphisra, but he did not find any evidence of the reversal of 
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SchneiderhOhn’s equation. It is evident that the micrographic work on 
the South African mineral requires amplification by the separation and analysis 
of both sitaparite and braunite. 

19. Under the microscope sitaparite from South Africa shows lamellar 
structures recalling those of leucite, and Schneiderhdhn concludes that sitaparite 
represents the product of enantiomorphic alteration of a cubic or tetragonal 
mineral stable at a higher temperature to a tetragonal or rhombic mineral 
stable at a lower temperature 

20 It is still unknown whether sitaparite is a cubic or tetragonal mineral, 
though crystals showing apparent octahedral faces have been found. 

(e) General. 

21. Both vredenburgite and sitaparite show under the microscope 
structural evidence of a change of one form of a mineral into another, thought 
to be due to a amelioration in metamorphic conditions, that is to say to falling 
temperature and perhaps falling pressure. There is no evidence, but only 
analogy, to guide us in choosing between these two factors , both may have 
played their part. 

Discussion on L. L. Fermor’s paper ‘ Notes on Vebdknburgite (with 
Devawte) and on Sitaparite ’. 

The author discusses the recent research of several workers on ‘ vreden- 
burgite ’ and sitaparite which were found by him some 30 years ago. I have 
a few comments to offer from my own knowledge of these minerals and of the 
significance of recent methods of attack 

Sir Lewis’ discussion makes me regret that I have not had the pleasure 
of illustrating to him some features of these minerals which are so clear 
under the reflecting microscope. T feel sure that, had he such microscopic 
acquaintance with these minerals his discussion would have been other than 
it is and reduced to a few salient points. 

It should first be remembe.ed that ' vredenburgite ’ is not a mineral but 
a mixture or intergrowth of two minerals jacobsite and hausmannite, and 
should always be written either in italics or in inverted commas. Such regular 
intergrowths are quite abundant in mineralogy, it is not customary to give 
them speoial names, and I, personally, in this particular case, see no real 
necessity now for the term ‘ vredenburgite,’ much less Sir Lewis’ new term 
‘ devadite The structure of the intergrowth is exactly comparable to that 
of magnetite and ilmenite, and other mineral groups, intergrowths which have 
been known long before that of ‘ vredenburgite ’ and to each of which a 
speoial name has not been found necessary , hence again, I find no necessity 
for the term ‘ vredenburgite structure ’ . 

The typical intergrowth is of jacobsite and hausmannite, but in a large 
number of specimens there has been definite alteration, due to weathering, 
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of the haugmannite to pyroluaite and pailomelano, that is, oxygen has been 
added The author leaves it to subsequent research to ‘ show that the MnO, 
of tho secondary aggregates is additional ’ — I can assure Sir Lewis that in 
every case I have yet examined there is not the slightest evidenco other than 
that this added oxygon ts due to later alteration There is no alternative to 
the reading of the evidenco of tho pyrolusite and psilomelane If additional 
MnO, could bo proved in the jacobsite the case would be different, but I 
maintain, in the abseneo of chemical analyses done on material whi< h htis 
been examined under the microscope and proved to be free of alteration, 
that not one of the analyses discussed by Sir Lewis supplies evidence on 
which a reliable discussion could be based It is not correct to say that 
analyses of ‘ vredenburgite ’ always reveal the existence of surplus MnO, — 
the so-called ‘ vredenburgite ’ which I found to bo almost pure jacobsite in 
my paper, showed no such excess. Hence, tho known unaltered jacobsite 
contains no excess MnO, whilst tho obviously altered ‘ vredenburgite ’ does. 
The inference is obvious 

This does not moan to say I do not believe that excess oxjgen might 
not originally have been present. In magnetite — related to jacobsite — excess 
of oxygen m tho crystal lattice is well-known and, by analogy, there is the 
possibility of it being present* in some jacobsite This is no reason why 
separate formulae should be given for mixtures of the typo discussed 
Well-known gradations of magnetite— mangan-magnetite — jacobsite occur 
according to tho projiortion of Fo . Mn present, and there are dozens of other 
similar graded mineral groups, so that it does not appear necessary to find 
a term ‘ dovadite ’ merely for an Fc-rieh hypothetical ‘ vredenburgite ’ 
which, as a mineral, could only havo existed at a high temperature In 
fact both may bo regarded as high temperature Mn-nch jaeobsitos from 
which, on cooling, hausmannite separated. In any case there is no need for 
this additional nomenclature , it is an unusual practice in mineralogy for 
hypothetical minerals which do not now exist to be named in this way 

Most previous workers regarded the intorgrowth as due to falling 
temperature. Sir Lewis would add the jiossibility of falling pressure — I 
know of no similar mineral intorgrowth from which the analogy of falling 
pressure could be drawn. 

I would liko to say a few words about the formula of braumte and 
sitapante. Microscopic examinations of there minerals show the unlikeli- 
hood that the analyses were done on perfectly pure material. Tho relatively 
constant SiO, content of the few braunite analyses have no more 
significance, say, than the commonly constant SiO, content of a granite ; the 
latter is a mixture so may be the former Until reliable analyses are done 
on known pure minerals I would favour Schnoidorhohn’s simplified formulae 
for both braunite and sitapante. 


•I. A Dunn. 
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Reply to Discussion. 

I must thank Dr Dunn for his contnbution to this discussion. I have 
not, of course, attempted in this paper to produce new evidence, but merely 
to discuss the work that has been done on vredenburgite and sitapante by 
Beveral workers, of whom Dr. Dunn is one 

Whilst it is clear that there is secondary psilomelane and pyrolusite in 
specimens of vredenburgite, the evidence as to the source of the whole of 
the surplus MnO i( referred to with such certainty by Dr. Dunn in paragraph 4 
of his contribution to the discussion, has not appeared to me conclusive, and 
consequently I have allowed for the possibility of the presenco in the primary 
mineral of MnO t surplus to the spinellid formula. [The unaltered jacobsite 
to which Dr. Dunn refers at the end of the same paragraph is not regarded by 
me as a form of vredenburgite, on account of its very different Mn/Fe ratio, 
apart from the absence of hausmannite ] 1 have, however, in paragraph 8 

of my summary, provided for the possibility, supported by Dr Dunn, that 
all the MnO, m vredenburgite may be of secondary origin, m which case the 
primary mineral was a spmollid. 

Concerning nomenclature, no ono who disapproves of my terms need use 
them, and instead he can speak of hausmannite- jacobsite mtergrowths or 
mixtures 

I did not in this paper intend to embark on a discussion on the formula 
of braunite The relatively constant amount of silica in braumte from several 
different localities abroad was thought by Dana to be of sufficient importance 
to justify representation of this constituent in the formula of the mineral. 
Subsequent work in India has added strong support to Dana’s view, and it 
seems unlikely that tho silica present in braumte is of fortuitous origin. An 
X-ray study of braunite would be of great interest as showmg whether this 
silica enters into the space lattice or not 


L. L Fekmor. 



THE ROLE OF NITROGEN COMPOUNDS IN THE FERMENTATION 
OF FRUIT JUICES 

By N N Chopba 

(Communicated by Prof J. N Ray, D Sc , Ph D ) 

(Received March 21, 1938 ) 

It in well known that nilrogon compounds arc essential lor the growth 
and activity of the yeast cells, Saccharomyces ellipsoidevs (1, 2) During the 
fermentation of fruit and borry juices, any deficiency in the nitrogen content 
has often to be made good by the addition of compounds which contain 
nitrogen in an easily available form (3, 4, h). Grape juice rarely needs such 
artificial additions as it contains sufficient nitrogen compounds for the primary 
fermentation and tho subsequent onzynne changes. Contrary to Nolte (4) 
the present author finds that the fresh juice of various variet ics of sweet orange 
(Citrine aurantium) also contains sufficient nitrogen comjKiunds for tho primary 
fermentation by yeast. It has been found possible to produce fermonted juice 
containing as high as 17-18% of alcohol by volume from sweetered orange 
juice with suitable pure strains of Saccharomyces elhpsouleus and without the 
addition of any nitrogen compound. Further, fresh orange juice was found to 
contain nitrogen compounds in an amount equal to or even greater than the 
minimum requirements as stated by Lindner (6) for optimum fermentation 
It was noticed, however, that when sweetened orange juice was sterilized 
under pressure by heat, it lost much of its organic and also a considerable 
portion of its ammoniacal nitrogen. Grajio juice similarly treated also lost 
some of its organic nitrogen, but the loss in this case was much less than m 
the case of orange juice. This may bo due to greater heat stability of tho 
organic nitrogen compounds contained in grape juice This loss of nitrogen 
in orange juice in no way interferes with the primary stage of fermentation 
induced by yeast cells, as here again alcohol percentages of 17-18% by volume 
could bg obtained on fermontation. But the subsequent stages of the life 
cycle of the yeast cells seemed in this case to be very greatly deranged. This 
was very clearly noticed when tho so-called ‘ sherry ’ yeasts were employed. 
These yeasts after completion of the main fermentation pass into the film- 
forming and oxidative stage (7, 8), whioh is characterized by the tendency to 
form a film on the surface and a mild oxidation of the substrate by the 
yeast cells. The shape and arrangement of the yeast cells as seen under the 
mioroscope also change to a certain extent This is particularly noticeable 
in the case of ‘sherry ’ yeasts and is also met with, to a lesser degree, in the 
case of other varieties of Saccharomyces ellipsoideus. The ‘ film-forming ’ and 
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‘ oxidative ’ stages were not noticed when sweetened orange juice, heat-sterilized 
under pressure, was employed and this may be due to the lack of sufficient 
nitrogen in a suitable form, Since ‘ heat sterilization ’ processes are sometimes 
employed in the fermentation of fruit juices, it was thought desirable to 
investigate how far the nitrogen content of sweetened orange juice is lost during 
‘ heat sterilization ’ under different conditions 

The juice of Valencia and Washington Naval variety of oranges was 
employed as raw material. The sugar used for sweetening was pure crystal 
cane sugar whose organic and ammoniacal nitrogen contents were determined 
separately and found to be insignificant. The increase in volume of the juice 
due to the sweetening has been allowed for in compiling the results This 
increase in volume was experimentally found to be about 12% when 20 gms. 
of cane sugar were dissolved in 100 c.c. of the juice of density of 8'5° Bx 
Analytical procedures laid down by the Association of Official Agricultural 
Chemists of America (1936) have been followed throughout the analysis. 

As was expected, preservation of orange juice, raw or sweetened, by pro- 
cesses not involving the application of heat, had no effect on the nitrogen 
oontent of the juice (Table I) 



Freshly 

expressed 

Table I. 

Freshly 
expressed 
Juice II 

Presen ed 

Preeen ed 

Juice II. 

Pieuerved 
Juice III 

Ammoniacal and organic 

nitrogen % 

0 077 

0 081 

0 071 

0 078 

0 081 

Ammoniacal mttrogen % 

0 014 

0 012 

0 010 

0 014 

0 010 

Organic nitrogen % (by 
difference) 

Proteins % (organic nitro- 

0 063 

0 069 

0 061 

0 064 

0 071 

gen X 6 25) 

0 304 

0 431 

0-381 

0 400 

0 444 


For determining the effect of heat, both fresh and chemically preserved 
orange juice was sweetened with 20% pure cane sugar and ‘ heat sterilized ’ 
in different ways. Pure juice from ripe ‘ Sultana ’ grapes was treated similarly. 
The results are recorded in Tables II, III and IV. 


Table II 

( Freeh Orange Juice ) 


Sweetened Sweetened Sweetened 
and and and 

sterilized at sterilized at sterilized at 
1 3 Iba /20 mte 15 lb* /20 mto. 20 lbs /20 mts. 


Ammoniacal and organic mtro- 
Ammoniacal nitrogen % 


Proteins % 
X »•») 


0 002 
0012 


0 001 
0 006 


000 

000 
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Table III 

(Chemically Preserved Orange Juice.) 

Sweetened and Sweetened and 
Original sterilized at sterilized at 
16 lbs / 20 into 16 lbs /20 into 


Ammomacal and organic nitrogen % . 0 077 0 00* 0 006 

Ammomacal nitrogen % 0 014 0 002 0 003 

Organic nitrogen % (by difference) 0 083 0 002 0 002 

Proteins % (organic nitrogen X 6 26) 0 394 0 012 0 012 


Tablk IV. 

( Pure Grape Juice ) 

Sweetened and 
Original sterilized at 

15 lbs /20 into 


Ammomacal and organic nitrogen % 0 070 0 055 

Ammomacal nitrogen % 0 010 0 007 

Organic nitrogen % (by difference) 0 060 0 048 

Proteins % (organic nitrogen x 6-26) . 0 375 0 300 


Sterilization of sweetened orange juice at 16 lbs. therefore destroys more 
than 80% of the organic nitrogen and also a considerable portion of the 
ammoniacal nitrogen. In pure grape juice the Iobs is not so great, only 20% 
of the organic nitrogen being lost. 

In a further series of experiments sweetened orange juice wrb ‘ heat 
sterilized ’ in four different ways and the analytical data are given in Table V 


Table V 

Sweetened Sweetened Sweetened Sweetened 
and and and and 

Original, pasteurized steamed at sterilized at sterilized at 
at 92-95°C, 0 lbs for 10 lbs for 10 lbs. for 

for 20 15 minutes. 10 minutes 15 minutes 

minutes. 

Ammoniacal and or- 
ganic nitrogen % 0 077 0 070 0 063 0 040 0 030 

Ammoniacal nitrogen 

% * . . 0 014 0 010 0 008 0 007 0 007 

Orgamo nitrogen % (by 

difference) . . 0 063 0 060 0 055 0 033 0 023 

Proteins % (organic 

nitrogen X 6 25) . . 0-394 0 375 0 344 0 206 0 144 

It is therefore obvious that the destructive action of heat on the nitrogen 
compounds oontained in the sweetened orange juice depends upon the severity 
of this heat treatment. Pasteurization alone does not alter the nitrogen con- 
tent very much, whilst autoclaving at 10 lbs. pressure decreases it by about 
60% and at 16 lbs. pressure by over 80%. The duration of the * heat steriliza- 
tion ’ also has a Significant influence. The loss of organic nitrogen is more 
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marked than the loss of ammoniacal nitrogen though both losses are con- 
siderable. 

When sweetened orange juice which had lost much of its organic nitrogen 
through ‘ heat sterilization 1 under pressure was fermented, its nitrogen content 
was found to increase once again. This increase is practically entirely due to 
the increase in organic nitrogen, the ammoniacal nitrogen being hardly affected. 
Sweetened orange juice was autoclaved in a cotton plugged flask at 15 lbs. 
pressure for twenty minutes. A portion was aseptically withdrawn for analysis 
The rest was inoculated with a pure strain of Saccharomycea ellipaotdeus and 
fermented at 25°C, Portions were aseptically withdrawn at various intervals 
for analysis (Table VI). 

Sweetened 
and auto- 
claved juice 
original 

Ammoniacal and or- 
ganic nitrogen % 0 004 

Ammoniacal nitrogen % 0 008 

Organic nitrogen % (by 

difference) . 0 001 

Profcema % (organic 
nitrogen x 0 20) 0 000 

That the above apparent increase in organic nitrogen is due to soluble 
organic compounds and is not merely due to suspended yeast cells is apjsirent 
from the analysis of clarified fermented orange juices (Table VII). After 
completion of the active fermentation the fermented juice was settled and 
decanted off, and repeatedly filtered through paper on which a siliceous filter- 
aid like ‘ Hyflo super-cell ’ had been deposited, till it was perfectly clear. The 
slight increase in the ammoniacal nitrogen m these clarified samples is pro- 
bably due to the uptake of solublo ammoniacal compounds from the filter-aid. 


Table VI 

After 
1 day’s 
fermenta- 
tion 


0 006 
0 003 

0 003 
0 018 


After 4 
days of 
active 
fermenta- 

0 045 
0 004 

0 041 
0 250 


After 8 
days of 
active 
fermenta- 
tion 

0 007 
0 004 

0 003 
0-394 


After fer- 
mentation 
was nearly 
complete 
(12 days). 

0 070 
0 004 

0 000 
0 412 


Table VII. 

( Clarified Fermented Orange Jwets ) 


Ammoniacal and organic nitrogen % 
Ammoniacal nitrogen % 

Organio nitrogen % (by difference) 
Proteins % (organio nitrogen x 6 20) 


I II. 

0 009 0-000 

0-011 0 012 

0 008 0 048 

0-302 0-300 


The increase in organic nitrogen during fermentation of orange juice is 
therefore due to some synthesis of soluble organic compounds by the yeast 
cells. Since the yeast cells in such fermented orange juices still failed to show 
any films or any signB of oxidation, it would appear that organic nitrogen, 
at least the organic nitrogen compounds synthesized by the yeast, are not 
available for its own metabolic activity in the ‘ after-fermentation ’ stage. 
The addition of ammoniacal nitrogen would therefore seem to be desirable 



IN THE FERMENTATION OF FRUIT JUICES. 


at this stage This is in accordance with the observation of Muller-Thtirgau 
and Hopkins (9, 10), who found that those nitrogen compounds are most 
easily assimilated by the yeast cells which easily split off nitrogen in tho form 
of ammonia. This docs not prove that lack of animoniacal nitrogen is respon- 
sible for the absence of the ‘ film-forming ’ and ‘ oxidative ’ stage m the above 
case Them may be some specific inhibiting substance produced during the 
‘ heat sterilization ’ under pressure But this is doubtful because grape juice 
retains much of its original nitrogenous matter on similar ‘ heat sterilization ’ 
and m the ‘ after-fermentation stage ’ of such a juice, the film is easily formed 
and oxidation changes take place Lack of nitrogen in an easily assimilable 
form may at least be a contributory factor 

My best thanks are due to Prof J N Bay, University Professor of Organic 
Chemistry, Lahore, under whoso direction this investigation was conducted 
and to Messrs The Indian Mildura Fruit Farm Ltd for a scholarship 

Summary. 

1 Fresh orange juice contains sufficient nitrogen in an easily assimilable 
form for the primary fermentation by Saccharomyera ellipamdeus. 

2. ‘ Heat sterilization ’ under pressure destroys most of the organic 
and much of the amniomaoftl nitrogen compounds m sweetened orange juice, 
the amount lost depending upon the pressure employed and the duration of the 
treatment Pure grape juice under similar conditions suffers this loss to a 
much less dogroo 

3 The primary fermentation is not appreciably hindered by tho above 
loss in nitrogen compounds, but tho ‘ after-fermentation stages namely those 
of film-formation and oxidation, aro in this case inhibited 

4 During fermentation the organic nitrogen content of tho juice again 
increases, -probably as a result, of synthesis by the yeast, of soluble organic 
nitrogen compounds. But these compounds do not seem to be available for 
the secondary changes, during the ‘ after-fermentation stage induced by the 
life cycle of yeast 
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I. INTRODUCTION • 

THE PROBLEM OF TUBEROULATION IN WATER ENGINEERING. 

The changes that occur and the types of deposits that form inside the 
water mains and reservoirs are diverse ; and the nature of investigation and 
the method of treatment will depend on the change in the character of water 
or the nature of deposit which may have been observed. ‘ Slimy ferruginous 
streamers ‘ ferruginous tubercles the ‘ spongy disease of iron and ‘ cala- 
mity growth ’ or the ‘ Brunnen-pest ’ as it is better known on the continent, 
are the commonly met with obstructions in service pipes and storage 
reservoirs, the result being the efficiency of their service suffers considerably. 
But the phenomenon of tuberoulation is of more common occurrence and is 
perhaps one of the greatest difficulties that confront the water works engineer. 
In reoent years, with the increasing usage of cast iron pipes — by reason of 
their many advantages over other types of pipes — the problem has beoome 
increasingly acute. 

The formation of nodular excrescences or tubercular incrustations on the 
innerside of pipes is known as tuberoulation. These nodules or tubercles 
make their appearance very shortly after the installation of the pipes, and 
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they begin as minute dotted projections of a roughly limpet shape. They 
grow by the accretion of concentric layers and ultimately coalesce to give 
a layer up to one and a half inches thick or even more (Fig 1). 



Fia. 1. A tubercle (about 11 years old) 


Reduction of carrying capacity and consequent difficulties — As tuborculation 
sots in, the interior surface of the pipe naturally becomes roughened and a con- 
siderable amount of ineffective velocity is developed. Even an isolated tubercle 
is often as bad as a number of them grouped together. Sometimes it may bo 
even worse. Scoboy (1930) observed that an occasional obstruction has greater 
effect on tho pipe flow than might be expected from the continued effect of a 
number of obstructions ; and the obstructions such as rivet heads, plate offsets, 
blisters, tubercles, etc., have a much greater influence than would appoar to the 
naked eye. Clark (1930) calculated that a nodulation under certain rates of 
flow might be considered to reduce the available effective or working area of a 
pipe to five times the height of the nodule, * e., a reduction of 6 per cent in 
area by nodulation reduces the effective area by at least 44 per cent and the 
carrying capacity by approximately 60 per cent. 

The tubercles grow steadily, and ultimately coalesce. Finally, the pipes 
suffer considerable diminution m the diameter of the bore and the tubercles, 
therefore, cause considerable loss by effectively reducing their carrying 
capaoity. 
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Table I. 

The progressive rate of reduction of carrying capacity of pipes (the coefficient of discharge c ) 
due to tuberculatum in course of time (Hazcn and Williams, 1933.)* 


8ixn of pipe (in inches) 

No 

of yearn in which tho ooofficie 
e gets reduced from 130 to 00 

Coefficient c 

nt 


130 

120 

100 

80 

00 



No of years required, 


4 

0 

4 

13 

20 

45 

5 


4 

14 

28 

50 

0 


4 

10 

30 

55 


0 

r> 

10 

33 

02 


0 

5 

17 

37 


18 

0 

5 

18 

40 


24 


5 

19 

42 


30 

0 

0 

10 

43 



* Ha/, on and Williams have derived a formula, known as tho Hazcn and Wilt tain s' 
Formula (Angus, 1931), from tho results of their extensive studies of tho flow of water in 
pipes and channels used in water works service The formula is 
»= 1 319 cr 1 310 cr 

where v =• velocity, c = coefficient of index of tho smootluiess of the interior of the pipe 
surface, r — oiruimforonce/area, and s = sine of tho slope 

This formula is the most commonly accepted one for calculating discharge from cast 


Thus, given the ago of a pipe and its diameter, from the foregoing table 
the reduction of its carrying capacity may be approximately reckoned In 
practice, however, a higher loss in capacity is observed Haydoek (1924, 
1935), White (1932), Downer (1933), Sherman (1934) and others have recorded 
a greater reduction for relatively shorter periods Particular mention may 
be made, in this connection, of the report of the eommitteo on the pipe line 
friction coefficients of the New England Water Works Association (1935) which 
oondudes that the average loss in capacity of an iron pipe after 30 years of 
service is considerably higher than that predicted in the Hazen-Williams 
tables (he cit.) The author’s experiences with the Trivandrum Wator Works, 
the Madras Water Works and the Bangalore Water Works (South India) show 
that a still higher loss in capacity is offected after a relatively short period 
of service. He has examined specimens of pipes which are 35 to 40 years old 
in which the tubercles have so thoroughly choked the pipe that one end of the 
pipe could not be seen from the othor end. These pipes had, of course, to be 
discarded (Figs. 2 and 3) 
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Fid. 2. Pipe* which have been in service for about 40 year* are taken out and 
discarded because of tubero ulation. 



Fro. 3. One of the pipes m the above pipe line showing the tuberoulated condition — 
practically choked with the result that the other end cannot be seen 

From the foregoing and other observations, it becomes clear that, in 
addition to oausing a considerable diminution in the bore of the pipe and 
consequently affecting the accuracy of meters, tuberculation produces a soften- 
ing effect on the iron and makes this material still more susceptible to the forces 
of disintegration. 

The economic loss resulting from tuberculation.— A conservative estimate 
would indeed show that the annual loss to the world through repairs, replace- 
ments and loss of energy would amount to several millions pound sterling. 



OF THE TUBERCULATION OF WATER PITHS. 


The deterioration by tuberculation of cast iron water mains of the Sydney 
Metropolitan Water and Sewage Board (1932) has resulted in an annual loss of 
£225,000 and heavy maintenance costs. The expenses incurred by the 
Bangalore Water Works for 1933 for replacing a largo quantity of 1J inches 
and 2 inches G. I. pipes and C.I. pipes service, and for reconditioning of the 
roads incidentally cut open, amount to Rs.95,000. Lehr (1929), Baylis (1930) 
and others have also dealt with tho economic aspect of tho problem 

The vast oconomio loss resulting from tuberculation has, therefore, led to 
oxtensive investigation of its cause and, more particularly, of practical methods 
for its prevention. In spite of this, the available scientific information re- 
garding the causation and development of tubercles is comparatively meagre 

Theories regarding the origin of tubercles.- — Brown (1903-4) found that 
whilo some of tho nodular incrustations containod iron bacteria like QaUionella 
and SpirophyUum, many other specimens wore free from every trace of life 
Casagrandi (1913) on tho strength of his own observations came to the conclu- 
sion that iron bacteria do not exert any apparent influence on tho formation 
of tubercles Subsequent workers like Bmaghi (1913), Sette (1932) and 
Sherman ( loc . ct (.) are also inclined to think that the formation of tubercles 
is a purely chemical phenomenon 

As contrasted with the above, Schorler (1904) postulated that ferruginous 
organisms must bo held responsible for a large part of incrustations that appear 
in conduit pipes and reported that Oalhondla is a causative organism Most 
of the lator workers, Moesz (1930, 1931), Reddick and Limlorinan (1931), 
Herrmann (1932), Hammond and Goffoy (1932), Neumann (1933), llownor 
(1933) and others have supported Schorler’s views and have recorded that 
tuberculation is due to the activities of iron bacteria like Leptothnx, Gallionella 
and Spirophyttum Thoso workers, especially Reddick and Lintlerman and 
Downer, base their conclusions largely on mere observation of certain simi- 
larity between the composition of tubercles in water pipes and that of bog ores 

It may thus be seen that conflicting views are held with regard to the mode 
of origin and development of tuberclos. In the first place, there is no general 
agreement that the iron of the tubercle comes entirely from the pipe, for some 
workers hold that the surrounding water also supplied its contribution of iron. 
Again, while some maintain that the formation of tubercles is purely a physical 
and Iihemical phenomenon, others adduce facts to show that iron bacteria 
influence the formation. 

It is obvious, therefore, that tho mechanism of formation of tubercles has 
not been systematically worked out, with a view to offering a complete explana- 
tion of their formation under all circumstances, and to suggest preventive 
methods based on more scientific data. There is a great need, therefore, for a 
systematic inquiry into the problem and to investigate methods of preventing, 
or at any rate reduoing to a minimum, losses through tuberculation. 

The present paper relates to a detailed investigation of the problem with 
particular reference to the Trivandrum Water Works with which the author 
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has been intimately connected ever since the time of installation of the pipeB 
for water distribution The observations made on the occurrence, composi 
tion and structure of tubercles , the experiments earned out over a period of 
four years on the mode of formation of tubercles , the role of bacteria in the 
process of tuberculation , and the results of experiments on the prevention of 
tuberculation — these and related subjects have been discussed in the present 
communication 

II OBSERVATIONS ON THE OCCURRENCE COMPOSITION ANI> STRUCTURE OF 
TUBERCLES IN THE SERVICE MAINS AND DISTRIBUTION PIPES 

The following observations relate to the Trivandrum Water Works whic h 
were opened m Decomber 1933 All the mams and distribution pipes having 
been previously properly cloaned and brushed out and well protected from 
contamination during the laying process and further sterilised m the usual 
manner, started working from the 11th of December The distnbution system 
was put to regular service and it began to diaw at the late of three to five 
million gallons of water per day for the public of Trivandrum 

Occurrence o/Tuberclei — In April 1934 while flushing the mams in a 
certain part of the distribution systc m ono of the scour valve s was found lor 
the first time to discharge water of a reddish brown colour which is goneially 
known as rod wator ’ An investigation <»f the whole distnbution systc in and 
all the filter units was therefore undertaken A few of the strainer tubes 
header pipes and ordinary pipes taken out on the next day from the hlter units 
and distribution systom showed that tubercles were forming or just formed 
In some pipes particularly m some of the strainer tubes and header pipes 
exposed tuberculation was just sotting in Those tubercles lookc d like blisters 
m shape and appearance having a height of about i* Thov were found to 
be slightly more broad than high and m some places they had become rather 
confluent It was also observed that they were spac ed at irregular intei vals of 
two to three inches both ways m the case of smaller pipes A more impoitant 
observation made m regard to the distribution of tubercles m bigger pipes was 
that the tubercles (which were making their appearance) were prutieally 
confined to the two sides of the pipe tho crown and the invert having very little 
tuberculation 

With a view to studying the nature and extent of tuherculation in the 
whole distribution system and also finding out the relation between the process 
of tuberculation on the pipe surface and the surrounding water in the pipe 
a detailed programme for systematically cutting out the pipes under aseptic 
conditions (without causing any traffic difficulties or tiny public nuisance), 
was chalked out Chemical and bacteriological examination of the water 
flowinjthrough these pipes was also carried out every day For sampling 
purpdriw, the different parts of the water system were significantly chosen 
with a view to study the influence of different conditions in the same pipe 
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system, namely the effect of raw water, chemically treated water and finally 
purified Wator on tho formation of tubercles (Fig. 4). 



Fio 4. A handy specimen of a tuberoulated pipe cut out from tho Trivandrum water dis- 
tribution system. Tho pipe belonged to tho town distribution system and was carrying 
purified and chlorinated water Tho pipe was in service for about 1 8 months 


Classification and comparative description of the different types of 
tubercles collected from the entire pipe system. 

Classification of the tubercles — Tho tubercles collected may be classified 
into three types ( 1 ) those collected from the mains carrying raw water, (2) from 
the pipes containing treated water and (3) from the town distribution system 
containing drinking water Although the age of the tubercles was practically 
the same m all the cases, they showed considerable individual variations. 
Speaking generally, tho oxtont of tuberculatum in the different sections may 
be placed in tho following order (i) mains in the distribution system canying 
the finirlly purified wator, (n) pipes containing the treated water and (in) those 
conveying raw water 

Comparative description of the tubercles —The tubercles from the distribu- 
tion mains were tho biggest (average J* at the base and in height) They 
were of a reddish-brown colour and of an earthy odour The pipes containing 
treated water had smaller tubercles which were dull brown in colour and had 
a damp, earthy smell The tubercles in raw Water pipes were the smallest. 
They were dark brown or black, and the odour was almost like that of tho back, 
water sludge. These physical differences of the tubercles would indicate that 
treatment and purification of water accelerate tho process of tuberculation 
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to some extent. It ia possible, however, that the natural equilibrium of raw 
water may have been disturbed by the chemical treatment and made aggressive 
in a manner to facilitate the process of nodulation , and this is especially so 
in the case of soft water. 

The general characteristics of these tubercles — In all other respects the 
different sets of tubercles were alike. They had more or less the same type of 
appearance, having a flat bottom and a more or less conical shape ; and they 
appeared as though they had grown from the inside of the pipes. Notwith- 
standing the varying shades of colour they had (from pale to deep dark brown) 
when freshly taken out, all of them, on drying, changed to deep red brown 
of ferrio oxide. When examined longitudinally, it was found that each 
tubercle was made up of black and brown layers and the latter, which 
were thicker, contained ferrio iron, while the former which occurred in thin 
layers contained either ferrous or ferroso-fernc iron Taken as a whole, the 
tuberoles had magnetic properties , on closer examination, it was found that 
the reddish layer (FegOj) was not magnetic, while the blackish layer (Fe,0 4 ) was 
highly magnetic. 

Chemical analysis 1 of the three different types of tubercles. 

The results of the analysis of the three typos of tubercles are given in 
Tables II, III and IV respectively. 

Table II. 

Chemical o (imposition of tubercle** tn the pipe* carrying raw river water which has 
been treated with lime and allowed to settle for about 12 hours. 

(Percentage on dry weight ) 


Samples 

2 

I 

fl 

J_ 

Iron ferrous (FeO) I 

1 

I 

<S 

i 

l 

j 

2 

l 

P- 

8 

t 

Manganese (MnOj) J 

C 

i 

i 

\ 

i 

S' 

5 

1 

! 

Magnesium (MgO) 

Total nitrogen j 

Total carbon 

Moisture content 

j 1 

II 

III 

IV 

V 

VI 

92 

8-7 

92 

8-8 

90 

8 S 

67 

8-4 

8-2 

7-4 

7-8 

7-3 

87 9 
70 7 
72-0 
71*5 
69 8 
689 

62 

80 

78 

68 

77 

6’9 

66 

6-9 

39 

43 

4-6 

52 

01 

0-3 

0-2 

0-3 

0-2 

01 

06 

0-2 

0-2 

04 

0-3 

0-5 

1-8 

09 

06 

0-8 

11 

1-3 

traces 

traoes 

traces 

traoes 

traoes 

traoes 

009 

0 11 

0 08 

010 
007 
006 

1-21 

1-22 

106 

116 

1 09 

1 0 

29-5 
34 9 
37-6 
33 2 
341 
32-6 


* Collected from wx different parts in the 30' gravitation mam conveying raw river 
water (but lime treated and settled) from the settling tank at the Aruvikara nver side 
, to tha^rivaadrum filter house, a distance of about eight milee. 


l Methods for the estimation of most of the constituent* were the same aa prescribed 
tj^theA.O. A, 0.(1930), 
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Tabmj III. 


Chemical competition of tubercles* in the matns at the filter house containing purified water. 
( Percentage on dry weight ) 


Samples J 

: 

j 

1 

. 

Iron ferrous (FeO) J 

1 

c 

| 

< 

I 

1 

O 

» 

$ 

•3 

M 

§ 

J 

l 

3 

i 

a 

Calcium (CaO) jj 

% 

S 

1 

1_ 

Total nitrogen j 

Total carbon jj 

I 

II 

III 

IV 

V 

8-8 

84 

7 9 

8 2 

7 3 

3 7 
46 
36 

4 6 

3 8 

69 6 
68 6 

69 9 

70 2 
70 3 

70 

82 

7-2 

09 

75 

00 
ft 7 

6 8 
63 
68 

02 

0 I 

0 2 

0 I 

01 

0 2 

0 I 

03 

04 

0 3 

1 3 

1 4 

1 6 
14 

1 0 

traces 

traces 

0-05 

0 05 

0 07 

0 06 

0 06 

1-90 

1 65 

1 80 

1 71 

1 84 


* I. Collected from the northern dead end of the main containing filtered and 
ahlonnated vrater, washing the filter units. 

II Collected from the southern dead end of the main containing the name water. 
Ill, IV and V. Collected at random. 


Tablb IV. 

Chemical composition of tubercles* from the distribution system. 
( Percentage on dry weight ) 


J 

j 

l 

i 

1 

I 

J 

Iron ferrous (FeO) 

1 

s 

<8 

’§ 

< 

i 

i 

3 i 

I 

I 

Phosphorus (P*Oj) 

$ 

3 

C 

c 

jj 

i 

i 

i 

I 

! 

Total nitrogen j 

Total carbon 

1 

fl 

i 

i 

a 

II 

III 

IV 

V 

VI 

VII 

VIII 

12 8 
11 5 
11-7 
10 9 
-10 0 
*123 
98 
10-3 

31 

2-1 

24 

3-2 

34 

38 

2- 9 

3- 5 

68 7 

65 0 

66 0 
074 
68-0 

69 1 

70 6 
70 0 

9-8 

12 1 I 

12-7 
10 8 
11 2 

10- 7 

11- 0 
10 6 ! 

3 1 
33 
3-4 

2 9 
3-2 
35 
3-3 
28 

0 4 
04 
03 
0-2 

03 

04 
03 
0-3 

0-2 

04 
0-7 
0-0 
0-3 

05 
0-7 

06 

! 

0 8 
07 

07 

08 
09 
06 

0 8 
0-7 

traces 

traces 

traoea 

traces 

traces 

traces 

traces 

traces 

0 14 

0 20 
016 

0 16 

0 20 

0 19 

0 18 

0 17 

3 57 

5 28 
2-20 

3 10 
3-20 
2-80 
30 
3-4 

68 
36 8 

3 9 
95 
10 0 
15-2 
14 8 
16 4 


* Collected from eight different parts in the distribution system of the town supply. 


It may be observed from tables II, III and IV that the tubercles— at 
any rate those in the same pipe system — have a more or less similar compo- 
sition, exoept in the case of those present in that part of the distribution Bystem 
/uinfftlning the finally purified water where the percentage of ferrous iron 
is low and is much less than that in the tubercles present m the other parts 
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of the water system. This is due to the more rapid rate of oxidation of the 
ferrous iron of the tubercles formed in that part of the water system. Iron 
m the ferrio condition is the chief constituent, while aluminium, ferrous iron, 
silica, calcium, magnesium, manganese and phosphorus are present in smaller 
proportions. Organio carbon and nitrogen are also present in smaller 
quantities. 



Fro. 5. Agar slant culture. Fio. 0 Under the microscope : magnification 
about 1,200. 

Pure culture of the new species of Pnudomona* occurring in the tubercles. 
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BACTERIOLOGICAL EXAMINATION OF TUBERCLES. 

With a view to isolating and studying the microorganisms, if any, present, 
in the tubercles, several media like nutrient agar, mineral medium, Van 
Debden’s medium, wort agar, silt medium, specific modia for iron bacteria 
and various other synthetic media were tried The examination of tho tubercles 
did not reveal tho presence of any of the better known iron bacteria such as 
Leptothrix, Gallionella, Spirophyllum, Cladolhnx and Crenothrix Tho only 
form of life invariably encountered in all the tubercles was a lower form of 
fluorescent bacillus belonging to the genus Pseudomonas which can easily be 
isolated from the tubercles using the nutrient agar medium of pH 6 8 This 
organism has boon completely characterized according to tho methods of the 
committee on the pure culture study of bacteria (1930) and Bet gey (1930), 
and it has boon found to bo a new species (Winogradsky, 1888 , Molisi li, 1892, 
1910 , Rullmann, 1912 , Mumford, 1913 , and Ellis, 1919) The pure culture 
studies on this organism are described below (Figs 5 and 6) 

Description of the new species of Pseudomonas — 

Rods . 1 3 by 1 6 to 1 6 by 1 9 microns , occurring singles , Gram negative , 
and not motile 

Gelatin Stab No liquefaction , granular growth inside and surface also 

Agar slant. Luxuriant, growth , faintly bluish 

Broth . Very cloudy , turbid 

Milk • Peptonization only 

Potato Good growth , slimy, whitish 

Indol not formed 

Nitrates and Nitrites No reduction. 

Sugars. No change m lactose, glucose, levulose, sin rose, duleite, imilm, 
mannite. There was growth in these 
Aerobic : facultative 
Optimum temperature • 30°C 

Habitat • Isolated from the tubercles , it was isolated from the water 
passing the tuberculated pipes also 
Tho bacterium is tentatively named Pseudomonas ferrvgineum (Pillai) 

Chemical analysis 1 of water flowing through tuberculated pipes — The 
results are given in Table V. 


1 Examination of water waa carried out according to tho Htandard motheris retom- 
mended by the American Public Health Association (1933) 
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Sample Ho. IV. The same water filtered and chlorinated, representative of the street tap water. 
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It may be seen from the foregoing table that the composition of the filtered 
water has not been adversely affeoted by the tuberculated condition of the 
pipes. There was a slight increase, however, in the iron content which was 
even higher than that in the original raw river water. This would suggest 
that (1) a part of the iron of the pipe had passed into the filtered water, and (2) 
the iron of the tubercle was not derivod from the water passing through it, 
but from the pipe itself. 

It is difficult to state whether the slight increase in the quantity of iron 
is inimical to public health. It is known, however, that more than traces of 
iron cause constipation and other disorders in those who habitually drink it. 
This is particularly so when the water assumes the reddish tint that gives 
rise to ‘ red water ’. The water then acquires an inky taste and leaves a bad 
stain on clothes when used for laundry purposes. 

The increasing iron content of the water brings us to another problem, 
viz , the corrosion of the pipes during service The extent of corrosion by 
different waters and the influence of various factors such as dissolved oxygen, 
carbon dioxide and chlorine havo been studied by a number of workers In 
the present enquiry, the observations were confined to the relation of corrosion 
to tuberculation of pipes. 

Bacteriological examination of the water — The results are given in Table 
VI. 


Table VI 

Bacteriological examination of raw water* and the water passing through different 
tuberculated pipes. 


Sample 

Number of co- 
lonies on 
nutrient agar 
per o c. at Zl'C. 
after 24 hours 

Number of co- 
lonies on 
nutrient agar 
per o o. at 37*0 
after 48 hours 

Acid and gag pro- 
duction in lactose 
Me broth (volume 
of water in o c ) 

Acid and gas pro- 
duction in glucose 
Me broth (volume 
of water in c « ) 


320 

730 

-01, -1, -5, 
+ 10, + 20, + BO 
+ 100 

-0 1, -1, +6, 

+ 10, +20, +50, 

+ 100 

2* 

280 

660 

-01, -1, -6, 
-10, +20, +50, 
+ 100 

-01, -1, +5, 

+ 10, +20, +50, 

+ 100 

3 

30 

340 

-0-1, -1, -5, 
-10, -20, +50, 
+ 100 

-0-1, -1, +5, 

+ 10, +20, +50, 

+ 100 

4 

20 

230 

-01, -1, -5, 
-10, -20, -50, 
+ 100 

-01. -1, -5, 

+ 10. +20, +50, 
+100 


The same samples as were used for chemical examination. 
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It may be observed that the quality of the water at different stages was 
highly satisfactory. The total number of bacteria was comparatively small. 
The absence of lactose fermenters from quantities up to 60 o.c showed that 
the water was quite safe for drinking purposes It is of interest to noto that 
the organism which has been found to be prosent in the tubercles has also been 
easily isolated from samples 2, 3 and 4 It is present in water in very small 
numbers only 

Examination of unused pipes . — Handy pieces of unused pipes were cut 
and examined under the Oreenough dissecting microscope The examination 
showed (1) the surface of the interior walls was rather rough, and (2) the protec- 
tive coating of the tar or asphalt on the inside of the pipe was imperfect, t e., 
points of bare iron could be made out These two conditions possibly promote 
corrosion of pipes and subsequent tuberculation Tho chemical analysis of 
the impurities in tho pipe material is given in Table VII. 


Table VII 

Chemical analysis of the impurities in the unused pipe which is of the 
same brand as the used pipe 


• 

Percentage 

Total carbon 

3 00 

Graphitic carbon 

2 85 

Combined carbon 

0 75 

Silica (SiOg) 

2 30 

Manganese (MnOj) 

0 50 

Phosphorus (PjOj) 

0-30 


Examination of tuberculated pipes —The examination of these under tho 
Oreenough dissecting microscope revealed the conditions after corrosion and 
tuberculation had set in (Fig. 4) The following points may be of interest : 
(1) the tubercles were scattered on the inner surface chiefly at points where 
tho iron of the pipes was exposed due to imperfect coating or otherwise, and (2) 
closer examination of the portion where a tubercle had developed revealed 
that corrosion had taken place there These would show that tho necessary 
iron for the formation of tuborclos comes largely from the pipe itself 

III. THE b6lE OP THE ASSOCIATED ORGANISM (TENTATIVELY NAMED 
PSEUDOMONAS FERRUQINEUM) IN THE FORMATION OF TUBERCLES. 

From the foregoing studies, the following facts have emerged : (1) that 
iron, in the ferric condition is the chief constituent of the tubercle and comes 
prejejphably from the pipe itself, and (2) that the tubercle is invariably asso- 
ciated with a lower form of fluorescent bacillus of the Pseudomonas type 
(, Pseudomonas ferrugineum) which is derived from the water. It may also be 
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noted that both the inner surface of the pipe and the water in contact with 
it are equally operative in the process of tuberculation. 

A tubercle may, therefore, be defined as a well preserved mass of the 
corrosion products of the pipe material combined with the contributions of the 
surrounding water in the pipe It is not clear, however, how these consti- 
tuents become a compact, limpet-like structure and stand out bo prominently 
and persist m spite of a regular current of water. 

With a view to throwing some light on this important point, some preli- 
minary experiments wore carried out with pieces of cast iron pipes, with and 
without a protective coating It became clear that tubercles appear at points 
baro of the coating already exposed or where, as often happens, the protective 
coating has been removed by the flow of water. A coating of tar or asphalt 
does offer some protection but that would appear to be only temporary. Even 
small points in the coating through which the iron is exposed are sufficient to 
start rusting which will soon be followed by tuberculation Busty layers 
do not, however, assume any definite proportions. They can be and are often 
partially flushed out by a vigorous stream of water. Tubercles, on the other 



B A 

Fig. 7. B {containing a heavy culture of the new species of Pteudomonat) showing the 
rapid formation of tubercles ; whereas the control A (devoid of those organisms, 
otherwise under same conditions) showing no tuberculation. 
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hand, have definite oonical or dome-like shapes and grow out prommently 
and persist even when a strong current of water is flowing through the pipes. 
This remarkable behaviour, as well as the ultimate production of the charac- 
teristic structure and shape of the tubercle, it was thought, might bear some 
relation to the occurrence of the organism which flourishes in the rusty layers 
of the tubercle. 

With a view to throwing furthor light on these aspects of the problem, 
the following experiments were carried out. 

The actual behaviour of the organism, m the tubercle. — (1) Pieces of cast 
iron pipes were cut into convenient sizes and dropped into bottles (Fig 7) 
which were connected ; while one of these (A) contained distilled water 
only, the other (B) contained an equal quantity of the same water and also a 
heavy culture of the new organism ; otherwise the conditions (air supply, etc.) 
were the same. The water in the bottles was continuously stirred by using 
a suction pump. 

It was observed that tubercles soon appeared and developed in the 
case of (B) , whereas in the case of (A) the water turned brown and the iron 
hydroxide in a colloidal condition was subjected to a continuous movement 
due to the stirring of the water, tho pipe piece having a rather clear surface. 
After a period of 5 to 6 weeks, the apparatus was dismantled and the pipe 
pieces were taken out The pipe in the bottle (A) containing no organism 
showed no tuberculation at all, while the other pipe, * e , bottle (B) containing 
the organism showed heavy tuberculation 

(2) A more elaborate experiment was next carried out An apparatus 
was arranged, wherein the conditions have a nearer approach to those in a 
regular water distribution system There were three pairs of fairly large bottles, 
each pair being placed at different levels and the two bottles being connected 
by a glass tube containing a longitudinal section of small pi pe ; and three typos 
of water (waters of different composition) were made to flow m the three 
different systems : A containing sterilised water only , B containing ordinary 
water and C containing sterilised water with a heavy culture of the new organ- 
ism. The same water in eaoh case was circulated again and again, taking 
all the necessary precautions. 

After a few days it was obsorvod that in the case of A, although there was 
intensive rusting of iron, there \pas absolutely no tuberculation. The insoluble 
iron oxide used to accumulate in the bottle placed at the lower level. In the 
case of B, on the pipe surface, blisters and vesiculations first occurred and 
small tubercles were slowly developed ; while in the case of C, tuberculation 
set in rapidly and the entire surface became studded with tubercles of a much 
larger size than in the system B. Since the water in all these cases was found to 
be/ather stagnant after a period of 10 to 12 weeks, the apparatus was dis- 
mantled. The tubercles from the B and C systems were carefully taken out and 
analysed chemically and bacteriologically and the results are shown in Table 
VIII. 
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Tabm VIII 


Analysie of the tuherclco* prepared in the laboratory 


1 

1 

I 

fl 

i 

Iron ferrous (FeO) 

I 

1 

| 

1 

< 

I 

a 

I 

3 

o 

09 

05 

1 

I 

I 

f 

£ 

£ 

3 

l 

1 : 
X 

6 i 
<5 

i 

3 

Magnesium (AlgO) 

i 

a 

1 1 
£ 

Total carbon 

1 

1 £ 

! 

X 

I 

II 

9 1 
10 5 

1 ft 
08 

72 4 
75 6 

Nil 

Nil 

\7T\ 

00 


O l 

02 j 

Nil 
Nil j 

Nil 

Nil 

0 10 

0 lr, 

1 8 

2 5 

18 2 
19 5 


* l : Tubercles from the system B 
II Tubercle* from the system C 


From the foregoing table, it will be clear that the chemical composition 
of the two sets of tubercles is the same ami they compare well with that of the 
naturally occurring tubercles. But it was, however, observed that the quantity 
of ferrous iron in the C tubercles is about half of that present in the B 
tubercles. This shows that the comparatively large number of the Pseudomonas 
bacillus present in the C system facilitates the oxidation of ferrous iron by 
the local concentration of oxygen and carbon dioxide 

Bacteriological examination of those two sets of tubercles showed that, 
in both these cases, the new organism was found to be present in large numbers, 
but in the case of C they wero present in the largest, numbers 

From tho experiments described above, it. may be concluded that the new 
species of Pseudomonas ( Pseudomonas ferrugxnevm) plays a definite part m 
the formation of tubercles. From the very beginning of the changes that, 
happen to the iron of the pipe, this organism leaves the water and goes into 
tho floeculent mass of colloidal iron hydroxide and flourishes m the complex 
with tho result that the whole mass is stuck on to the surface of the pipe over 
the corroded point or portion. The soft and spongy mass of iron oxide and the 
accompanying constituents from the pipe and the water would have been 
washed off with the current of water but for the entrance of these bacteria into 
the mass of the corrosion products and thoir further quick multiplication, 
thereby providing an extremely sticky or mucilaginous material of their bodies ; 
and the inevitable result being, the rusty layers at the corroded point are 
effectively retained to develop into a nodular structure which tenaciously 
attaches itself to the pipe. In other words, these bacteria form an effective 
cementing material for considerably strengthening the different constituents of 
the tubercle and, at the same time, they actively multiply inside the soft and 
spongy masses of iron oxide in the same manner aB the JRadicicda bacteria 
multiply in the root system of leguminous plants and give rise to nodules. 
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In addition to the oementing function and the function of contributing the 
characteristic form and shape of the tubercles, these bacteria promote the 
oxidation of the ferrous iron surrounding them by the local concentration of 
their metabolic products, particularly carbon dioxide and oxygen which 
also facilitate further corrosion of iron. 

IV. THE MECHANISM OF TtTBERCULATION 

From the above observations, it becomes clear that tuberculation is, to 
start with, a fundamental phenomenon of oorrosion of iron, the chief material 
of the pipe, and subsequently it is subjected to the influence of tho activities 
of the bacterium already described. 

The principal changes that the iron of the pipe undergoes prior to tubercula- 
tton, — The water, carrying oxygon, carbon dioxide, chlorides and other im- 
portant corrosive elements attacks the exposed iron of the pipe, and tho 
principal changes the iron undergoes thereby may broadly be outlined as 
follows • — 

The water in the pipe carries oxygen which attacks the iron of the pipe 
as it gets exposed and ferrous hydroxide is formed. 

Fe-f 2 H,0-»-Fe (0H),+ H, .. (1) 

The ferrous hydroxide will not, under ordinary circumstances, be precipitated 
as stfch, being comparatively soluble , but it soon combines with further oxygen 
yielding ferric hydroxide. 

4 Fe (0H),+ 0,-+2 (Fe,0,. H,0) + 2 H, 0 . . (2) 

The ferrio hydroxide first appears m colloidal solution, but iB finally pre- 
cipitated at appreciable distance from the metallic surface and this masB 
would have been carried away by the flowing water but for the presence of 
the bacteria whioh holds this material on to the suTfaoe of the pipe 

Thus the first layer of ferrous hydroxide is oxidised to ferric hydroxide and 
a fresh layer of ferrous hydroxide is formed at the bottom to get oxidised , 
and as this process is going on, in between the yellowish brown or brownish 
layers of ferrous and ferric, a thinner layer of black ferroso-ferric oxide is also 
formed. 

Fe+2 FeO (0H)-*Fe 8 0 4 + H, .. . (3) 

Side by side with this process of oxidation, the iron in the pipe is also 
attacked by carbon dioxide in the water, forming ferrous carbonate with 
evolution of hydrogen. 

Fe+H,0+C0,-+Fe CO.+H, .. (4) 

By the absorption of more C0„ the ferrous carbonate is changed to the 
bicarbonate. 

Fe C0 8 +H,0+C0,-+Fe (HCO,)j .. . . (6) 

The bicarbonate is changed to ferrous hydroxide, 

Fe (HCOal^Fe (0H),+2 CO, .. (6) 
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and by furthor oxidation of the ferrous hydroxide it is converted into ferric 
hydroxide 

2 Fe (0H),+2H,0-»-2 Fe (OH),+Hj . . (7) 

A large mass of ferric hydroxide is thus accumulated by the combined 
action of oxygen and oarbon dioxide on the iron of the pipe The extraneous 
olements such as alum and lime which are used for the chemical treatment of 
the water, as also the natural constituents of the water, go to make up the 
bulk of the tuberclo 

The reaction of the water bacteria, in general, to the above chemical changes 
and the exact part played by the specific organism in the mechanism of tubercula - 
tion — As the chemical changes are proceeding in the above manner, a few 
species (which have also been identified, but found to be the commoner 
types of water bacteria), together with the specific organism Pseudomonas 
ferrugineum, get entangled in the rotted, spongy mass, consisting principally of 
ferrous, forroso-forrie and ferric hydroxides The commoner types of water 
bacteria, unahlo to thrive in such a medium, steadily die out, while the specific 
organism alone survives and flourishes ; and it multiplies and resides in each 
tubercle 

Tho tuberclo thus grows with the progressive accumulation of the corrosion 
products in concentric layers which are admirably preserved by the tenacious 
attachment of these bacteria, thus making it a suitable medium for its 
existence. 

The several layors of the tuberole which are placed one above the other 
are sufficiently porous, so that water containing oxygen and carbon dioxide 
and also other corrosive olements have free access right to the very bottom 
of the tubercle to attack a fresh portion of the iron in the pipe 

These various chemical and bacteriological processes start from the day 
the pipe begins working and all theso processes go on continuously until the 
pipe is completely choked with tubercles and thus gets thoroughly useless. 

V A METHOD OF PREVENTION OF TUBERCULATION BASED ON THE STUDIES 
OF THE FHYSIOLOOY OF THE SPECIFIC ORGANISM IN THE TUBERCLE. 

A study of the various aspocts of tho problem of tuberculation, particularly 
the significance of tho specific organism in tho formation of tuborcles, gave a 
clue to a method of treating the water so as to prevent tuberculation. 

It was observed in the course of the studies on the formation of 
tubercles that the specific organism is quite necessary for the continued exist- 
ence of the tubercles in the pipe system — to give them the characteristic 
form and shape, and hold them on to the pipe surface. This suggested that, 
if, by any means, the continued attachment of these organisms to the cor- 
rosion products could be prevented, the prevention of tuberculation could be 
achieved easily. It has, of course, always been borne in mind that the 
quality of the drinking water should be maintained at any cost. 



314 


S. 0. PILLAI : A BIOCHEMICAL HtVESTMATION 


Alteration of pH of the water and the consequent dissociation of the specific 
organism from the tubercle — In a series of laboratory experiments carried out 
with water having different pH values ranging from 7-0 to 9 2, all the other 
conditions for tuberculation having been kept the same, it was observed that 
tuberculation was least with water having pH values between 8'8 to 9'2. 
Further experiments conducted with the specific organism showed that it 
cannot flourish in a medium of pH of about 8 8, its optimum pH being 
between 6 8-7 2. 

Since tho addition of calcium hydroxide to maintain the pH in the neigh- 
bourhood of 9 was not found to impair the quality of water in any manner, it 
was considered that this method of treatment of water for preventing the for- 
mation of tubercles in tho cast iron pipes could be applied to the Trivandrum 
water distribution system. 

Application of the above finding to the distribution system — Pipes in the 
distribution system were cut out under aseptic conditions, the tubercles m 
them were scraped off, a further protective coating was applied, and then they 
were laid out. The addition of calcium hydroxide was well regulated to 
maintain the pH of the water at about 9 0 Chemical and bacteriological 
analyses of water have boon carried out evory day and it has been consistently 
observed that tho quality of the drinking water was not impaired m any 
way From time to time, pipes from different parts of the distribution 
system wore also taken out for examination. It was observed on all such 
occasions that tuberculation was almost negligible. 

It may be pointed out that this method of treating tho water not only 
prevents the specific organism from growing in the corrosion products, 
thereby avoiding tuberculation, but it also prevents corrosion of iron to a 
great extent. The limo treatment removes carbon dioxide by precipitating 
bicarbonates as carbonatos, supplies a useful material for the formation of a 
further protective film on the pipe and ulso increases the pH of water Tho 
dosage of lime should not be oxoessivo — otherwise the water will be caustic 
and excessive deposits will collect in the pipes — but should be adjusted 
according to the alkalinity and pH at which corrosion will be least. 

Soda ash also increases the pH value of water and may be used to pre- 
cipitate calcium carbonate m water having a hardness greater than 50 p p.m 
Lime is tho best for soft waters, particularly for the one which the author 
has been dealing with. It is also cheap and available in abundance. The pH 
value required to reduce corrosion to the m nimum may be determined by 
the marble test 

This method of prevention of tuberculation has been adopted for the 
last two years and since then no formation of tubercles has been recorded. 

Although lime treatment helps to check tuberculation, there are yet oertain 
practical aspects which may require further investigation. Thus, it is not 
dear as to how much of tho extra lime has actually to be present during the 
preliminary tank treatment. The changes m reaction during storage and 
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distribution should be followed It is probable that, owing to the presence of 
dissolved carbon dioxide, the water becomes neutral even after short storage 
It will also be of somo interest to follow the changes m the iron < (intent of 
the water The corrosion of the pipe would have been reduced by the 
addition of extra lime and it may reasonably bo expected that the water in Ihe 
distribution system would contain practically no iron in solution 

The present methods of coating the inside of pipes, at any rate m India, 
seem to be inadequate The protective coat wears oft after somo time and 
portions of the bare surface are exposed to tho attack of water and tho dis- 
solved gases Rusting begins first as scattered pin-points and then spreads 
rapidly The points ot rusting become the nuclei for the formation ot tiiborc les 
A more effective mothod of eliminating tuboreulation will ho to improve 
the inner coating of tho pipes Superficial coats, however good, are not likely 
to bo permanent. If, on tho other hand, the protective material together with 
somo suitable vehicle can be impregnated into the pipes to some reasonable 
dopth, then tho protection will he more or less permanent Corrosion will not 
appear and tuberculatum will he prevented effectively 

Cast iron pipes are known to he fairly poinioablo It is possible that 
some improved system of impregnation can be devised and tho pipes thus 
permanently protected The reaction of tho water will then have no influence 
on the pipes so that no special treatment will then be needed. 

VI SUMMARY AND CONCLUSIONS 

1 The process of tuberculat ion I logins in the course of about three 
months after the installation of tho pipes for service. 

2 Conorallv, tho tubercles are not formed m any order They oc( ur at 
random, but in tho bigger pipes they are practically confined to tho two sides, 
the crown and the invert having very little tuboreulation 

3 The degree of tuberculatum in tho different systems may be placed m 
the following order (l) mains in tho distribution system carrying the finally 
purified water, (ii) pipes containing the treated water, and (in) those conveying 
the raw water. The treatment and purification of water soom to accelerate 
the process of tuboreulation 

4 7 Tho attack of dissolved gases and other corrosive elements takeR 
place whero points of bare iron are exposed 

5 The present practice of (lipping and coating tho pipes with the pro- 
tective material appears to bo defective. Tho desired surface finish is not 
achievod, so that the necessity of devising improved methods of impregnating 
the pipes with protective material is stressed 

6. Tho tubercles collected from tho particular system are more or lesis 
similar in their chemical composition 

7 Iron in the ferric condition is tho chief constituent, while aluminium, 
silica, ferrous iron, calcium, magnosium, manganese and phosphorus are 
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present in mueh smaller proportions ; organio carbon and nitrogen are also 
present in small quantities. 

8. The iron necessary for the formation of the tubercle appears to come 
mostly from the pipe itself, while the water passing through the pipe system 
supplies the other constituents. It is more than likely that a large proportion 
of the silica, phosphorus, manganese and carbon is derived from the pipe, for 
cast iron contains these in appreciable quantities. 

9. There is a slight but apparently progressive increase in the iron 
content of the water as it passes through the pipe. This would suggest that 
(a) iron from the pip9 passes mto solution m the water, and (b) the iron of the 
tubercle is not derived exclusively from the water, but mainly from the pipe 
itself. 

10. The tubercles examined contain none of the better known iron 
bacteria, but they are invariably associated with a lower form of fluorescent, 
bacillus of the Pseudomonas type which is derived from the water The 
baoterium has been completely characterized and found to be a new Bpccies. 
It has been tentatively named Pseudomonas ferrugineum. 

11. The most interesting feature about the new species of bacterium is 
its ability to live and grow in rust. 

12. The function of this organism in the formation of tubercles is as 
follows — it gives to the tuberole the characteristic nodular appearance, the 
neoessary strength and compactness to withstand tho current of water thus 
enabling it to exist indefinitely in tho pipe , it also facilitates oxidation of 
ferrous iron to the feme condition. 

13. This bacterium is not autotrophic ; but its reactions with various 
sugars and a consideration of its morphological and physiological features 
would indicate that it has not advunced much from its parental form of the 
strict autotrophic typo. 

14. Tuborculation is always preceded by corrosion of the principal 
material of the pipe, namely iron. The dissolved oxygen, carbon dioxide 
and other corrosive elements, such as chlorine, attack tho iron of the pipe, 
so that the necessary iron for the construction of the tubercle comes almost 
entirely from the pipe itsolf. 

15. The subsequent transformation of the corrosion products in order to 
form a tuberole is brought about by a species of baoteria which occurs in 
almost all waters. Its precise action in the mechanism of tuborculation has 
been stuebpd and described. 

16. The specific organism, probably occupying a comparatively high 
plaoe in the scale of evolution of iron bacteria, adapts itself to tolerate a large 
quantity of organic matter contained in its preferential medium of iron oxides. 

17. A practical method for preventing the formation of tubercles in the 
pipe system has been described and recommended. 

18. The method has been devised, taking advantage of the specificity of 
the baoterium found in association with the tuberole and which, to a large 



OF THE TUBERCULATIOK OF WATEB PIPES. 


317 


extent, is responsible for the development of the tubercular structure out of the 
corrosion products Wheroas tlio organism flounshos liest at pH fi 8-7, it 
finds it difficult to thrivo as the pH is raised and finally, it fails to grow when 
the pH of tlio modium is about 1). 

19 Calcium hydroxide is recommended for maintaining the desired pH. 
The sevoral advantages of using lime from the bacterial and the hygienic 
[Hunts of view, as also from a consideration of its usefulness in preventing 
corrosion itself, are described 

The author wishes to express his grateful thanks to Dr V Subrahmanyan, 
D.Sc , F I C , F N I , Professor of Biochemistry, Indian Institute of Science, 
Bangalore for Ins sustained intorost in tho work and valuablo criticism The 
author is also indebted to Mr C Balakuslina Rao, B A , B E , Water Works 
and Drainage Engineer to the Government of Travancoio, Trivandrum for 
supplying the samples required m connection with this investigation 
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1 . Introduction 


There are at present two works attempting a theoretical explanation ot the 
ionization of the Upper Atmosphere First, the work of A Pannekoek (1926), 
whioh is thermodynamical, and is based upon Saha’s theory of thermal ioniza- 
tion of atoms as extended by Milne (1924) and Woltjer (1925) to material 
systems traversed by radiation from an external body at a higher temperature. 
The second method is that of S Chapman (1931 a, 6) who considers the ionization 
produced by the absorption of a monochromatic beam of light in an atmosphere 
in which the density is assumed to vary exponentially Prof Chapman in a 
Bakerian lecture m 1931 gave accounts of both theories side by side, but he 
does not appear to have tried to demonstrate the connection between the two 
methods of calculating the ionization of the upper atmosphere It will be 
shown presently that the two theories aro not really different , when 
Chapman’s theory is properly developed and extended, it leads to the same 
result as that of Pannekoek 


2. Pannbkoek’s Work. 

It is nooessary to start with a critical description of the mam results of 
these two theories. Pannekoek (1926) shows that the number of electrons 
produoed by the ionization of any ono of the constituents in the earth’s atmos- 
phere can be obtained from the formula 


w f n, ( n + n, \ 

= ~N~ " \ JT ) o 


if>(v) I(v) dv 


0(r) e 


^ + , M } 



Reaction isochore under equilibrium conditions, 
the number of atoms per unit volume, 
the number of ions per unit volume. 


( 1 ) 
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n, m the number of electrons per unit volume, 

I(v) ■» the intensity of radiation of froquenoy v 

0(v) denotes the probability of ionization by light of unit intensity <fi(v) is 
oonneoted with the atomic absorption ooeffioient r(i») by the relation 

#>) . r(v)fhv 

There are two things to be notioed about this formula First, that 
ionization starts at a frequency v 0 and is produood by radiation of higher 
frequency just as we know from laboratory experiments Secondly that tho 
values of the density of electrons or of positive ions which we obtain from tho 
above formula are equilibrium values, i.e. they aro tho values of concentration 
when a condition of equilibrium has been established between the rate of 
ionization due to solar radiation and the rate of disappearanoo duo to 
reoombination or any other process 

3. Chapman’s Work 

Chapman (1931a) shows, following an earlier work by Lenard (1911), that 
a monoohromatio beam of radiation, of intensity l(vj^ just outside the earth’s 
atmosphere, is reduced m its passage through the earth’s atmosphere at a 
slanting angle x, to the intensity l{v) given by tho formula 

I(v) a* I(v) 0 Exp | -A(v) .p 0 H seo x . e ® | .. (2) 

Here A(v) is the mass absorption coefficient, and H =* kT/Mg is the height 
of the homogeneous atmosphere The temperature is assumed to be constant 
Then we have 

^ - I(v) 0 A (v) . p 0 . soc x Exp j - jj - A(v) . Po H . sec x ■ J • 

It is next supposed that the number of olectrons or of positive ions produced 
is equal to /9 Hence the number of electrons produced per second 

per unit volume is given by 

q(v)HZS.A{v).I{v) 0 p„ Exp {-1-A{v) Po H.sec X ^ .. (3) 

It is easy to see that /3 = ^ , but Chapman does not attempt to define 

0 and plots q(v) as a function of z and thus gets a ourve of vanation of density 
of ions in the earth’s atmosphere with height. His theory explains to some 
extent the vanation of eleotron density of the ionized layers in the course of the 
day as observed in the radio experiments, Further he shows that the values 
of maximum eleotron density in winter and summer are related as 
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N r | sin (0 — 8) il 

N s ~ \ 9in (0+8)” j 


(4) 


where 8 ih the declination of the sun and 0 the colatitude of a place. This 
relation has been verified approximately by Appleton, Naismith and others 
(1935) 

It should howevor bo mentioned that it is not possible to arrive at an 
absolute value, of q(v) from Chapman’s formula as the constant j8 is not precisely 
defined Secondly, Chapman’s theory holds only for monochromatic radiation, 
but if we suppose that the sun radiates like a blaok body, ionization will be 
produced by continuous radiation in the way supposed by Patuiekook The 
values which Chapman obtains are not equilibrium values n, of ionization 
density, but denote the number of ions produced per second by the radiation 
But what we moasuro in radio experiments is the equilibrium value For 
umoomponont systems, it can bo shown (Appleton, 1938) that n, = (g/ot)*, 
but it is hardly corroot to say that m the ionosphere we have to deal with a uni- 
component system 

To show tho connection betweon tho two theories, let us first find out the 
relation between equilibrium value, tho rato of production of ions and the rate 
of recombination Lot us take tho simplified case of N t As a result of reaction 
with sunlight, we can expect that the N t molecule will give rise to the following 
products — 

N t . N t + , N^, N, N + , IT, c 


Of these we can oxolude tho probability of the existence of N t ~ and N~ 
because, according to a largo number of experiments with the mass-spectro- 
graph, tho existence of such ions is doubtful (sec for example Tiixen, 1936) 
We can also neglect N and N + since, on account of the high dissociation 
potential of nitrogen, it is rather improbable that there is an appreciable 
number of froo nitrogen atoms and atom-ionR present, in the atmosphere We 
are, therefore, loft with only N % , N t + and electrons. Even if some of these 
assumptions are proved to be incorrect, it docs not interfere with the general 
lino of argument followed m the present paper, as we propose here to deal with 
an idealized state only Further, lot us suppose that the ionization of N t 
proceeds m the same way as for the nitrogen atom, 1.0 the ionization suddenly 
starts with a sharp maximum at the frequency corresponding to the ionization 
potential of N t and then falls off approximately as 1/v* for higher frequencies, 
although it will be shown in another paper that these assumptions do not 
stnotly hold for the ionization of the molecule 
Let us suppose that 

N, n + , n, 

are respectively the numbers per o.o. of neutral nitrogen molecules, ionized 
nitrogen moleoules and electrons. We of course for the present assume that 
n + ■» n, (unicomponent system) We have then 
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* q — #»+ n, *a q— an* 


where q is the number of electrons or ions produoed by Bunlight per o o. and 
a is the recombination coefficient. 

When equilibrium has been established, we should have n, = (?/«)*. 
In general, however, electrons arise not merely from the ionization of N t , but 
also from Oj, 0 and probably N, henoe the electron-ooncentration is to be re- 
garded as an independent component. Wo shall not deal with this matter in 
this paper, but confine our attention only to calculation of the quantities q 
and «. We can easily obtain q from an extension of Chapman’s method to 
oontmuous radiation The number of ions produoed by the absorption of 
radiation of intensity /(»>) is given by 

,(»)* - ‘ M-AMjl * _ « Mjm * . n / M . «,) d, (8) 

nv hv 

because I(v) dv A(v) p/hv is the number of quanta absorbed and each quantum 
produces one ion To prove the relations stated here, we observe that 

d(p) sb mass absorption coefficient = r(v)IM, where r(v) is the absorption 
per atom, and M is the mass of the atom. 

It will be seen that eq. (6) differs from eq. (3) in having /? replaced by ^ 

Further wo have as yet made no suggestion regarding the variation of N or 
I(v) with height. 

We have, therefore, for ionization by continuous radiation 

q ■» J q(v) . dv » N J I(v) , if>(v) .dv ( 6 ') 

"0 >'0 

Aooordj’ng to Milne (1924), the reoombination coefficient is given by 


\2 vlcT) 


{F(v)+I{v) G{v)}r?.dv 


By comparing the results obtained in the case of thermodynamical equilibrium 
and substituting $me 2 «■ h(v—v 9 ) this transforms into 
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Equating the value of a n + n, with q, we have 

| 0 (*') I(v) dv 

K~K 0 • • ( 8 ) 

JV) r»{2*! + / W }* 

■'o 



ih the value of the roaction-isoohore, when radiation is at the same temperature 
with matter. 

This is the original method of deduction by Milne of the equation of 
roaction-isochore under the conditions stated above It is well known that 
assuming i/f(v) to be given by C/v* and taking I(v) in the denominator to bo 
negligible in comparison with 8 irAp*/c*, wo arrive at Pannekoek’s result, which 
will be discussed more m detail in section 5. We shall first of all calculate 
the rate of production of electrons, and the recombination coefficient according 
to formulae (6') and (8). For this purpose it is necessary to know how t(v) 
varies with v This problem is discussed in tho next section 

4. The Law of Photo-electric Absokption 

It is generally assumed (Pannokoek, 1926) that t(v) varies according to 
the law first given by KramerB, 

’M- 373 7^ ? • • ■ <9) 

Here ‘ Z ’ is the effective charge on tho nucleus, v 0 is tho threshold value of 
absorption frequency. If we wish to apply this formula to photo-ionization 
of atoms and to moloculos like and O t , we havo to introduce some assumption 
regarding tho effective value of ‘ Z which i# generally understood to be the 
nuclear oharge minus the ‘ screening oonstant ’ due to the effect of external 
electrons. Pannokoek (1926) and Chapman (1931) have introduced values 
for 0 and jV-atoms, and N t and 0, -molecules for which their papers may be 
consulted. 

It is, however, doubtful whether Kramers’ formula (9) which was first 
doduoed on an older form of the quantum theory to aooount for X-ray absorption 
can at all be applicable to optical absorption. Bosseland (1936) oomments 
‘ One sometimes has the feeling that the applicability of the formula has been 
strained beyond the breaking point ’ 

The best oourse would bo to take r{v) values obtained from actual 
experiments, Hut as emphasized by Saha (1937), accurate experiments 
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have not yet been performed for O t and N t ; and for 0 and N, probably tho 
experiments would bo extremely difficult. Under such circumstances, the 
best oourse appears to bo to fall back upon wave-mochamoal considerations. 

For the II- atom, it has been shown by several authors [(for a compre- 
hensive account, see Betho (1932)], that r(v) is given by 


*>“T 


( 10 ) 


where F(x) «■ Exp { — 4* , cot '*} /(I — and for moderate values 

ot r— r 0 , we have approximately (v up to 3r 0 ) 

< 10,) 

where < is the base of natural logarithms 
We have from (10), and for Z = 1 

r 0 a* limiting value of t(v) at v = r 0 

2 7 « * h» 


2 s *e* 1 . 

3 — — — ( 

3 me v 0 

m z(±-L\ 

3^ X*J 


3 ne 2 m*c 
where x =» v/v 0 


= 1 27 10 17 rm* 


| r(t>) dv a 


(U) 

( 12 ) 

(13) 


It will be interesting to compare the value of r 0 obtained from (11) with that 
obtained from Kramers’ formula For the //-atom, we have Z = 1, and 


r 0 (Wovo-mechanios) 


4 

3\/3 w* 

2V3w 


A* 

* m* c " 


3 98X 10* 18 cm* 


: 3'19 t 0 (Kramers) 


(14) 


(15) 


' Kramers’ valuo of r 0 for the H - atom is therefore 319 times smaller than the 
wave meohanioal value. 

It should, however, be pointed out that the approximation (12) is only 
rough. This can be seen from a calculation of the oscillator strength for the 
continuous spectrum of hydrogen. According to a general theorem 


f r 

1 ; ^ 8 j 


, 9t Z* 2 8 

t(v) , dv -a - . — r— f 

^ 3 


( 16 ) 
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Here 

g. =* weight of the normal Htato of the II - atom ; for H, it is Is, g =2 
gj = weight of tho final state of the /f-atom , for //, it is v.p, g = (5 
The actual value of f f for II is, however, 43 This discrepancy is due to our 
uso of tho approximation (12). The above formula for / holds only for the 
hydrogen-like atoms But m the Upper Atmosphere, it is tho following 
processes which give rise to electrons . 

Og-s-O/, Nz-tN/, 0^0\ N^N + 

For calculating the ionization according to each of these processes, we 
require a knowledge of the corresponding T(p)/p-eurves It can be assumed 
that for all atoms, the t'v) curve is given by a formula of the tvpo (10) or its 
approximate form (10') which wo use hero whore Z is to be adjusted In fact, 
Vinti (1933) has actually deduced theoretically such an expression for the 
continuous absorption by helium 

Molecular lomzatton 

But a little reflection shows that the same considerations cannot apply 
to moleoulos For hen' ionization is attended usually with a change m the 
nuclear distanoo, eg m the nuclear distance is 75x10"® cm while for 

fj + , it is 1 071 X 10~ 8 cm Honoe aooording to the Franok-Condon principle, 
tho valuo of t{v) at the threshold potential is likely to lie very small as the 
nuolear distances are very different It will gradually rise to a maximum and 
then fall off Probably tho eurvo would lie similar to that experimentally 
found by R Ladenburg (1933) for the photo-dissociation of the 0 2 - molecule by 
light of wavelength <A 1750A, for Ladenburg’s ease, a theoretical cxjiression 
has been found by Stuokelberg (1932) We shall not therefore, m this paper, 
discuss molecular photo-ionization at all 

Ionization of 0 and N-atoms 

This leaves us only with the ionization of the 0-atom and the A-atom. 
It has been surmised by several workers that the 0 a -moloculo, in tho course of 
the daytime, is completely broken up into atoms Recently a theory of 
photQ-dissooiation of molecules has been worked out by Dr R C Majumdar 
(1938) at tho suggestion of the senior author, and making use of Ladcnburg’H 
figures for tho variation of the absorption-coefficient, with v, he has shown that 
O t in the daytime is completely broken up into atoms at a height of 150 kms 
Tho process O+hv = therefore appears to be of great practical 

valuo m the production of electrons m the Upper Atmosphore in the daytime 
We shall now consider how Z* is to be obtained for the 0 and A -atoms 
Wo prooeod from a general theorem by Thomas and Kuhn (see Bethe, 
loc cit , p 434) 


2/,+4 - » 


(17) 
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Where 2/j is the sum of osoillator-strengths for line radiation, / is the osoil- 
lator strength for the oontinuous radiation at the end of the series limit, the 
initial state being the normal state of the atom, ‘ n ’ is the number of equivalent 
electrons which can perform the transition in question. In the case of the 
O-atom, the photo-ionization can be represented symbolically as 

Is* 2s* 2p‘-»ls* . 2s* 2p***j 
to find out f r , we have to find out for 

2p i -*2p t (ms, md) 

transitions and over all values of m from m = 3 to m = infinity. 

This problem is difficult to solve, but it appears unlikely that can be 
greater than unity. We oan therefore put / = 3 for the O-atom, and 2 for the 
N -atom approximately This view is consistent with that of Herzfeld and 
Wolf (1925) who showed, from a discussion of the dispersion curves of Ne, 
A and other rare gases, that for a proper interpretation of tho course of dis- 
persion of these gases, wo have to suppose that the characteristic frequency 
in the Lorentz-expression for dispersion is not given by the resonance line of 
the element, but by a line which lies in the region of continuous absorption 
by the atom and that the number of equivalent electrons per atom for inert 
gases is nearly 5. In other words, when we have a large number of equivalent 
electrons in any shell, the tendenoy for ionization proportionately rises. Wo 
assume that when an atom oontams r equivalent electrons m the outermost 
sholls, / = r— 1 approx, provided r is large compared to unity. For helium, 
which contains two equivalent electrons, Vinti (1933) finds that f g as 1 52. 

Z is now obtained from the formula for oscillator-strength 

[r(y).dv, (18) 

J •''0 

Substituting for r(v ) the value in (12), 

/, - | ( 867 )£* 

But there are further complications in the present cases. The normal 
oxygen atom has the electronic constitution Is* 2s* 2p* 
and the oxygen-ion has the constitution Is* 2s*. 2p* ( 4 <S 8/a *Z), *P) The 
transitions contemplated, whioh cause ionization, can take place from any 
state of the normal O-atom to that of any normal O-ion provided this is per- 
missible, and in the oaloulation of f c , all suoh separate transitions must be taken 
into aooount. 
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The continuous transitions fall into the following groups . — 

0 »P-*0 + | f Cl . IP... 13 55 volts 

->0 + (*/>)„,) 4, • 15 80 .. . 

- 0+ ^>J4 • .18 54 .. . 

. 4, 

0 f (n„ •/<* ••• 

O'S^OU'P),,.. f r < 

The symbols (sd) denote that the hyperbolic orbit of the electron, which 
is released, may have 1 = 0, or 2 This is nocessary for calculation of the weight 
factors We therefore expect (nogleotmg the Hmall fino structure due to the 
presence of throo 8 /’-states) that there will be six distinct continuous absorp- 
tion curves corresponding to the six processes mentioned above In fact, 
we have 

/ c = 3=/ r +/ c + f H 

To calculate the relative values of the quantities/^, we can apply the 
arguments of Menzel and Goldberg (1036) about the parentages of the terms 
of the l k -shell Aooordmg to these authors : — 

4i + 4* + 4» 4*+4 5 4* 3 

0{=g of *P) ~5(= g of l D t ) = 1(= g of %) " 15 


and 4j : 4* 4» = 4 10 • 6 

Hence /„ - A . /* - A . /* - »• 

We have therefore from (16) for the process 0 3 P->0 + 

Z tJj 4 , _48 9 

P, 867 9 25X 867 ” 

because 

3 =* weight factor of 0 8 / > J i 0 = 0 
g j = weight factor of (0+ *S),^ = 48 

we get Z = 1 49. 

The value of r 0 for the process 0 *P~»0 + *S now becomes 


(19) 


T Z* » 2 81 X 10~ u . cm.' 

u 3 me v 0 

The value given by Chapman is 2-5 X 10* 19 cm', i e. nearly nine times larger. 



328 M. N. SAHA & R. N. RAI : IONISATION OF THE UPPER ATMOSPHERE 


We oan, m a similar way, find out the effective values of Z for the processes 
0 *P-rO + (*D), d , 0 *P->0 + (®P)«f. 

The fy-value of (0 + *0)^ state is 120, and that for (0 + *P), d is 72. 

The corresponding Z- values are 3 04 and 2'36 respectively 

There will oertainly bo some difficulty in following why the effective 
nuclear chargo in 0 should be different for the three processes mentioned above 
But actually there is no difficulty as can be seen from the argument that r[v) 
is given by the value of the transition-probability, from a oertain initial (lowor) 
state to a final state Henoe it will involve the offeotivo nuclear charge for the 
initial as well as the final state In fact, Z® should be replaced by Z { Zf. In 
these oases, though Z ( is identical, Zf is different, as the electrons of the ion 
have different configurations, when giving rise to the different terms Further, 
as it is a question of transition-probability, Z* may be widely different 

We have not calculated Z-values for transition from 0 l D8 to 0 + t DP- 
states, as probably there are not sufficient 0 'DS-atoma m the ionosphere 
capable of producing any sensible ionization, for 0 ’ZhS-atoms produced by any 
photo-electric process almost instantaneously revert to 0 *P-state. 

The Nitrogen-atom 

Those considerations may now bo oxtonded also to the nitrogen-atom 
We have now 

4 = 2. 

The f r - value is distributed as follows — 

JV2p» *S-+N + 2p*( 8 P) w/ f ,./P .14 46 volts. 

'D^N + (2 P * *P), rf ,./ C2 

W + ( 2 p*. «/),)*... /, 3 ... 

*P^AT f ( 2 p*.«P) frf ./ C4 .. 

N + (2p® . / C6 . . 

N + (2 p* .. .4 ... 

We have 

fc\ / nj / fe 

T m 10 0 = 20 

and 4 . 4-9 5,4 4-4 = 0 5:1. 

Henoe we have 

4= 4, Z-3-53. 

We need not oaloulate the Z-values for the other states of nitrogen, as practi- 
oally all W -atoms will be m the hS-state. 
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5. Rate of Production of Electrons by Photo-ionization 


We shall now use the expression for r(v) in formula (10) for the calculation 
of q according to the expression (6) We observe that it p be tho partial 
pressure due to tho absorbing particles at tho region considered 

l(v) = J(v) 0 Exp | - V -^ sec x } (20) 


when radiation is inoident at an angle y to the vertical, and I{v) 0 is the intensity 
of light just outside tho earth’s atmosphere The relation (20) is proved as 
follows (first given by Pannekoek, 11)26) On passing through a layer having 
the thiokuoss dz (tho layers are supposed to be parallel), the diminution in 
intensity is given by 

d/(v)= -l(v) Nr(v) dz sec* •• (21) 

We have further the hydrostatic equation 

dp = NgM dz, i.o., Ndz = dp/gM . , (22) 

Here M is the mass of each particle, and p is reckoned from the top ol the 
atmosphere. 

From (2 1 ) and (22) we have 


dl(v) 

l(v) 


r(») . 


and on integrating this, we arrive at expression (20) It is easy to verify that 
for au isothermal layer, (20) reduces to (2), but (20) is more general 
Substituting this in (O') 


■ l(y)o M secyjd 


(23) 


It is found rather difficult to integrate (23) rigorously on account ol com- 
plexity of its form 

We can replace r(v) within the integral (23) in the oximnential by itH mean 
value ft r 0 , where r 0 is the value of r(v) at the threshold frequency. We havo 
then, taking the exponential term outside, 

, = »H)x} f 1W.0W * 

** m 

Now as we have 

A|» 

% 8jt)3 hv 3 ~kf. ... ... 

/(*) o - e > = 7 W hv 
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where 4wj9 is the solid angle subtended by the sun at the earth, j3 ■* 
T, m temperature of the sun. The integral reduces to 


d. 


For t(v), we oan write the approximate value (12) 
Hence the integral 




hv n 

where /ij =■ . If we put T, s* 6240°K and v 0 =» ionization threshold fre- 

quency for the oxygen atom, it can be easily seen that /*, *= 25 78 and for 
suoh large values of the index, it is easy to show that 


Henoe we have 


fe- *)•-•* 

i 

have 

T. , 

.. . . 


A — v 2 T 
A -^h T ° V ° 


We can now try to find out the maximum value of q. 
Differentiating (24), we have 


p /I __sec jA Id 

'*\P K )~T~ l 


dT 

Let us first assume that = 0, though we cannot be sure of the truth 


®f this assumption. We have then 


dq A . 9 Mg I 

^«0, when pm-— seo X = P Q cos x 
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p 0 is the partial pressure at the place where we have maximum production of 
ions under vertical incidence For incidence at an angle % to the vertical, the 
maximum concentration is reached at the pressure p — P 0 cos 

Inserting this value of p in (24), we have for q , the maximum production 
of ions at angle the expression 

?„ = ?o e0fl X • W) 

where q o => maximum production of the ions under vertical incidence, and it 
is given by 

4. ^ * ~W • (28 ) 

9 o“ T 5 «t 0 ~ c*h 5 c T V ° P 

Wo observe that q ih independent of r 0 This is because the smaller 
is the value of r 0 , the higher is the partial pressure where maximum ionisa- 
tion is reached 

The value of q, at a point where tho pressure is p, is given by 

? = ?/Exp{l-ysec X } . (29) 

where y - p/p # 

It can be easily shown that (29) yields us Chapman’s expression for 
electron-production, lfp is supposed to be given by the isothermal law 

„ = PEx„{-‘} 
kT 

whore H = ^ = height of the homogeneous atmosphere, P = ground 
pressure. 

For wo can put, following Chapman, 

p Q = P. Exp { -Kill } z=(h — h 9 )/ff 
so that y = p/p Q = e - ' 

Then (29) becomes 

9 — 3 0 Exp { 1 —z—er " . sec x ) • •• • (30) 

This is the expression given by Chapman for variation of production of 
ions with height. 

We have thus proved that even when photo-ionization is produced by 
continuous light, variation of ion-production with height continues to be given 
by Chapman’s formula when T is supposed to be constant. Chapman provod 
the correctness of (30) for monochromatic light only. Further, and this is 
a definite advance on Chapman's result, we havo now a perfectly definite 
expression for q 0 which is left undefined in Chapman’s method of deduction. 

We can now try to give some numerical calculations for q o and p Q for the 
oxygen atom. As Bhown before, we havo for the process 
0*P-+0 +i S, Zm 1-49, v 0 =3 109837 c. 
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Substituting those values m (25), we obtain 


A - 3 71 X 10 8 . p = ? ^ - 1 05 X 10- 8 dynes 
0 5 r 0 

1 35xlO» 

? o** T ' 

We have assumed that T, = 6240°K. 


( 31 ) 


Appleton (1938) has caloulated from the maximum electron-concentra- 
tion curve that at Slough for an equinoctial day, when y = 52°, q = 78, and 
for a midsummer day, i o. for y = 29°, q m = 88 These values may be com- 
pared with those available from (31) 

We have 


q — q 0 c«» x 


1 35x10* cos x 
T 


=> 8'3 X 10* I T . . for oquinoctial noon 

= 11-8X 10 4 /2T . . for midsummer noon 


If we take T, the temperature for the F t - layer at noon 1065°K, for an 
equinoctial day, and 1350°K for a midsummer day, the above results are 
oxplamod These values are not inconsistent with the valuos now assigned to 
tho temperature of the Upper Atmosphere (Appleton, 1935) 

Wo have given these results with a certain amount of reserve , it must 
not be supposed that we commit ourselves to the opinion that the -Fj-layer is 
due solely to the ionization of 0-atoms We merely wish to point out that our 
calculations give us the right order of result. 

Formula (7) gives us the rocombmation coefficient a We can now 
neglect I(v) in comparison to 87 rhv^/c 3 , and put for r(v) the expression 
(12) We obtain after some work, for reoombination between 0 + *8 and e, 

k 8w s 1 

*~(2 ,«)»/«** c * To ’'° T i ( ) 


when we introduce the values of r 0 , v 0 , for the process 

0 +i 8+r^0*P, « = -- - ^ - - - = 9 3x11) 18 
Ti 


provided T = 400°K This value may be compared with the figures given by 
Appleton (1938), whose average values are nearly 10-20 times larger 


0. Equilibrium Value of Electron Concentration 

The equilibrium value of electron concentration can now be easily cal- 
culated by putting for r(v) the expression (12), m formula (8). We have now 
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0} (;-ji) e 


, hn„ hv 0 

where p i - - P* - 1 = vlv o 

Now both hi and /x, are large quantities In fact, as we have seen, if we 
take T, = 6240°K, p, = 26'9, and for T = 1000°K, p* = lfil 4 
The quantity 


Exp - 


3 Mg 




within the upper integral can be replaced by its mean value 



and taken outside as already described 
We can then easily show that 




which has the same form as the result deduced by Pannekcek We have the 
factor 5/9 instead of Pannekoek’s |, From this expression, we can easily 
calculate the maximum equilibrium value of electron concentration We have 
according to (1) 


K 


n e 

N 


x 

a N 


and the last relation can be easily verified by reference to formulae (24) and (32) 
for q and a. If »+ «= n„ as will happen in the case of umeomponent 
systems, we have n, = (g/a,*. From this, it is clear, as a involves T only, 
and is independent of p, that m an isotheimal atmosphere, the maximum 
value of n, will occur at the same place as that for q. It is now easv to show 
that 


»o 


(«/«)* 


2 55 X 10 7 
' y'/i 


»m - ” 0 foOS X/* 
n t *■ » m j/*Exp H 1 -^ 
whe:e y — p/p 0 



( 34 > 
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The variation of electron-density in the E and -layer is found to be given 
by the law at-n^cos «)* during hours of daylight. This is often cited (see 
Appleton, 1938) as proof of the correctness of Chapman’s theory of simple 
region formation. But formulae (30) and (35) show that this relation holds 
good even when electrons are produced by continuous light 

7 Ionization by Monochromatic Light 

In this section, we shall give a treatment of the ionization produced by 
monoohromatio light, because it has been pointed out by several investigators 
that many upper air phenomena are probably due to ionization by mono- 
chromatic light from the sun Maris and Hulburt (1929) talks of flares of 
ultraviolet radiation to account for magnetic storms, and abnormal display of 
aurora One of us (Saha, 1935) has pointed out that the strong ^ e + -ionization 
observed by Slipher (1933), in the morning and evening flash of sunlight in the 
Upper Atmosphere, is due to photo-ionization of N t due to emission lines of 
He I#* 1 8 0 — limp l P. Dellinger (1937) and others have tried to connect the 
sudden bursts of ionization which give rise to radio fade-outs in the sunlit 
part of the globe to the occurrence of disturbed regions on tho sun showing 
strong Hy, and H^-lines in emission (vide further a note by R. N Rai and 
K. B Mathur, 1937). 

The number of electrons produced by a monochromatic beam of intensity 
l(v) is given by 

qmN .Av. 

Here Av is the equivalent breadth, N is the number of atoms or molecules 
in the region. Then we have 

since l(v) « /(►) o Exp | -£jjp . sec x } 
and N = p/kT 

q - A ' t , ..ex} 

where A ' - !&djjL± 
k 

This expression is exaotly similar to the expression (30) for ion-production 
by continuous light, but is considerably simpler. Here 

„ /OMrrM 
A “TX 

is proportional to number of quanta absorbed per atom, and r(v) has a perfectly 
definite value. The value of /(v) 0 depends upon the intensity of the light 
which may be available from astrophysical measurements, and the dimensions 
of the disturbed area on the sun. In case the disturbance extends over the 
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whole surface, /(k) 0 is proportional to j9 hut otherwise it will be much less, and 
will be equal to the solid angle subtended by the disturbed region in the earth’s 
atmosphere. 

Wo can find out q, q*, q Q as defined in see 5 exactly in the same wav as 
there, and we have for an isothermal atmosphere 
q m = q 0 eos x 

A' gM _ l(v\ Av gM 
q o T tr[v) hv tkT 
q “ 9 0 V Exp | l—y soe x } 

V - PlPtf wher- p Q = 

Attention may be drawn to the expression for q g , the maximum electron- 
production per c c under vertical incidence — it is equal to the total number 
of ions produced by the total absorption of the beam divided by «//, where 
H is the height of the homogeneous atmosphere This relation is identical 
with that obtained by Lenard and Chapman 

Abstract 

It has been shown that the two theories of upper air ionization, viz that 
of Pannekoek and Chapman, are not essentially different from each other 
When in the Chapman thoory wo give to the quantity /9, which is introduced 
as a proportionality factor for deducing the number of electrons from the 

radiation absorbed, the value i and extend it to continuous radiation, we 
hv 

come to Pannekoek’s results. For absorption coefficient t(v), a wave mech- 
anical "formula is used in the place of the Kramers-expresRion. Rates of pro- 
duction of electrons from the 0-atoms, the recombination coefficient of ions and 
electrons, and equilibrium values of electron concentration are deduced for 
unicomponent systems. From these expressions, Chapman’s formulas for 
variation of electron-production with height is deduced as a special case but 
the scope of the formula is found to be greater as it is found to hold not only 
for monochromatic light, as in Chapman’s, but also for continuous light. Actual 
values of electron production at noon for the Flayer from the 0-atom are given, 
and compared with figures given by Appleton 

It is further shown that the method is capable of giving also formula for 
electron production by monochromatic light, and vieldR results in terms of 
quantities which are physically definable 
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LEVI-CIVITA’S FORMUL/E FOR TWO BODIES 

By Sib S. M. Sclaiman, M.A , LL.D , D Sc , Federal Court , India. 
{Read August 20, I OSS.) 

1 It waB shown in Pioc. Acad Bci India, Vol 4, pp 20-23 (August 1934), 
that extra terms, in the equation of motion, as compared to Newton’s, can be 
treated as being due to small perturbing forces and the changes in the elements 
of the orbit deduced by ordinary Dynamics In Proc Nat Acad Sci India, 
Vol. 6, p. 2K0 (August 1936), the acceleration of one body idative to another 
body of comparable mass as well as it8 acceleration for actual motion in space 
were given 

For relative motion the potential function is 

G(M+m) G(M +m)h 2 1 

* ~ r + c* ‘ H 

where r is the distance between the two bodies, M and m their masses, O the 
gravitational constant, h double the areal rate and c the velocity of light. This 
correctly yields the differential equation 

d*u ft 3p 

2 Prof Tullio Levi-Civita in the American Journal of Mathematics 
(Vol LIX, No 2, April 1937, pp 225-234) has also treated the extra effect as 
‘first order perturbations’, and following Newtonian principles deduced certain 
Astronomical consequences of Relativistie Two-Body Problem 

Ho has found that for two bodies of comparable masses, the trajectory 
may be considered to be that of a central force with the potential function for 
relative motion (m our notations) as 

_ G(M+m) f I Mm -) G*(M+m)* 
r + (. 2 (M -f-m) 2 J e* r* 

1 Mm cm G»{M+m) * 

+ 2 (M+m) z ' G*(M+m ) 2 * cA . H 

He has then concluded that the first term represents the Newtonian attraction, 
and the other two (both of the second order) are the relativistic perturbations 
varying according to the inverse cube and the inverse fourth power respectively 
of the distance, and has then inferred that by putting one of the masses equal 
to zero we get 

, G*M* 
c*r* 

for the perturbative function of the Einstenian one-centre problem (loc. cit., 
p 229) The angular precession (per revolution) of the penastron m the case 
of a double star turns out to be the same as the precision for an infinitesimal 
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planet moving about a central mass possessing the total mass of the binary 
system 

_ flnO*(if+m)* 

A “ ar-' 


3. (i) It can however be pointed out that the extra terms do not strictly 
represent the Einstenian perturbation. 

For an infinitesimal planet we put m — 0, and obtain from the above 
potential function the acceleration by differentiation as 


/» 


Gif , 

—3—33- onl y 


which is 
Substituting 


dir my 

” rf<* r ^ ) 

- and therefore 


dir 
dt * 


-hW 


d*u 
dd 2 


while for planets r* A fairly approximately, we get 


or 


diu (IM 
dP +Us * A2 + c*A« ' ' 


This is not at all identical with Einstein’s equation in which the last term 
contains « 2 and not u. 


Putting 


•F 




k , kh = h' and kd = 9', the equation becomes 
dH GM 

— 5+u = — s- , 

dd' h' 


which has the Newtonian and not the Einstenian form, and for which the 
solution is 

um™+A cos (d’+B), 

where A and B are constants. This is a complete ellipse revolving round the 
centre of force in a forward direction, which was known to Newton. 

(ii) Indeed this law of gravitation can be obtained without Levi-Civita’s 
elaborate method and directly from Eddington’s supposed solution of Einstein’s 
orbital equation as given m his Relativity (p. 88) 

Treating ( 1 — 0 as a new variable, this is obviously the solution of 
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Hence 


, _ M , V 

lid *' r *> + eW 


«, nearly 


_ t 
~ K 2 ' 


Eddington’s solution suffers exactly from the same defect as Levi-Ci vita’s, 
being really the solution of another differential equation 

4 Levi-Oivita’s potential function cannot yield anv value for the spectral 
shift of light And even the value for the deflection of light from stars obtained 
from Levi-Civita’s formula does not tally with Einstein’s value 

( 1 ) Taking R as the perpendicular distance from the centre of the Sun on 
an asymptote and i/i the angle between this perpendicuhu and the radius 
vector, the deflection 


1 

*~t*R 



ifiilifi where / cos ifi = R 


fJM I"., , 3rH7jn 

~ c 2 R L“ + clR J 

■20M . 

= , nearly, 

which is equal to Newtonian value very nearly, and not at all to Einstein’s, 
(ii) Tho value of the advance of perihelion, however, conies out correct 

2ll /Sr'i ) dt 

tfr* e V u 
* o 

where r 2 ^ = h neai ly, and - = ~ (1 cos 6) nearly 
at r n* 


flrr WM* 

= cm ’ 

(in) The spectral shift of light from the edge of the Sun treated as depend- 
ing on the difference of potential is given by 



= 1 -j — 1- , nearly, where o is the radius of the Sun, 


Hence the shift remains the same as that of light from the centre. 
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(iv) If we proceed to a higher approximation and take 
dt \ c*r 

even the value for the advance of perihelion is upset In the differential 
equation the second biggest term will still contain u 

5 Discarding Relativity conoepts, Levi-Civita has also considered the 
absolute motion in the sky of a double star system. His conclusions are - — 

(i) The acceleration of the centre of mass 0 of a double star lies entirely 
in the plane of (relative) orbit and the common plane of (absolute) orbits 

(ii) The secular acceleration of the centre of mass 0 of the double star 
is directed along the major axis towards the periastron of the principal star. 

(lii) Taking the origin at the centre of the principal star and measuring 
a towards the periastron of the (undisturbed) elliptical orbit of the other star, 
and taking the component of the ordinary velocity of O as cot], and denoting 
by ca.i its secular part in terms of 0, he gets — 

___ _ 1 Mm M—m e 

e<Xl " ~ 2 (M+m)* (M+m) ' (i_ e 2 )« 

He has pointed out that a difference of velocity along the apsidal line, having 
a component also in the line of sight, ought to be detectable eventually by 
spectroscopic observation of binaries for which photometric observations also 
are available 

6. If there were a net acceleration of the centre of gravity, then (1) it 
must obviously be in the common plane of the two orbits, and (2) as the 
principal star has a larger mass and is therefore nearer the centre of gravity, 
and nearest at the periastron, it is equally obvious that the residue of the 
acceleration would be directed along the major axis towards the periastron 
But on the principle of the equality of action and reaction, there cannot be 
any acceleration of the centre of gravity without extraneous influences. 

According to the second paper mentioned in para. 1 the respective forces 
in absolute space round their common centre of gravity 0 taking the masses 
as being concentrated at their centres are 

GM* m 3 GMW m 

(M+m)* OP* c*(M+m)* ' OP* 
d OM a M 3 Omsk* M 

an + (M+m)* ' Op* + c*(M+m)* ' Op* 

which are equal and opposite, as M Op = m OP, and therefore cancel each other 

There can therefore in such a case be no net acceleration at all. 


M+m) j G(M+ 
c* V « 3 



THE VARIATION OP SOUND ABSORPTION COEFFICIENT WITH 
INTENSITY. 

By Haji Gulam Mohammad, Physics Department, University of Allahabad. 
(Bead January 5, 1937 ) 

(Communicated by Prof M. N Saha, D Sc , F R S ) 

Section 1. Introduction. 


The variation of sound-absorption coefficient with intensity of sound has 
never been successfully studied and we have so far failed to find any adequate 
reference to it in the existing literature. Sabine (1923) using his formula (eqn 1 ) 
for the calculation of the absorbing power of a specimen found that the 
value of k (eqn. 1) is subject to a correction which varied with the varying 
experimental circumstances 

, kV(W-tr) spfl. /,' 1 , 7 ,'"\ 

rl«7 1 " g -T-ir log - J fV •• (l > 


Talking about this he observes . ‘ The magnitude, as well as the sign of 

this correction, depends on the intensity of the source of sound, the size of the 
room and the material of which it is constructed and the area of the windows 
opened This is illustrated in the following table (reproduced here in table 1) 
which is derived from a recalculation of all the rooms m which the open window 
experiments have been tried and which exhibits a fairly large range in these 
respects ’ (1923) 

Substituting Sabine’s data (1923) for the first two oases (Table 1) in 
equation (1) and using the uncorrected value of k in each case, it is possible to 


Tabmo 1 


Room. 

V 

Cu. 

1 

W 

k 

Cor- 

rection. 

k 

1. Lobby Fogg Museum 

1 Pipe 

2. Lobby Fogg Museum 

06 

8,800,000 

1-86 

0-160 

0 010 

0 180 




0-27 

0-184 

18 Pipes 

98 

67,000,000 

1-88 

0-191 

3. Jefferson Physical 

Laboratory 15 

202 

1,700,000 

5*10 

0-164 

0-006 

0-159 

4. Jefferson Physical 





0-017 


Laboratory 1 

1,830 

300,000 

120 

0-180 

0-187 

5. Jefferson Physical 

. _ .i • Laboratory 4 




0-137 

0-024 

0-161 

1,080 

300,000 

14*6 


Here If •absorbing power of the open windows, minus their absorbing power when 
olosed. 
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calculate the amount of change in the absorbing power of the specimen which 
is doe to the variation of the intensity of sound alone. When this is dime we 
find that the absorbing power, a', in these two oases of the Fogg Museum is 
2*467 units and 2*961 units when 1 and 16 organ pipes, respectively, were used. 
From this, it appears that the increase in the intensity of sound from 8,800,000 
to 67,000,000 (arbitrary units) has produced an increase in the absorbing power 
of the substance amounting to about 20%. 

Sabine, however, does not seem to have taken into consideration the 
absorption of sound by the source itself (the organ pipe and its accessories) which 
does absorb sound, howsoever little. If absorption due to one pipe system 
be equal to *, (same unit) then that due to 16 almost similar organ pipes would 
be 16a!, nearly. Hence, it can be easily seen that by assigning different values 
to «, widely different results are obtained. It is thus clear that due to lack 
of data regarding at we cannot oome to any definite conclusion. 

In view of these conflicting results, therefore, the present investigation 
was undertaken by the author to obtain accurate information regarding thfe 
variations in the sound-absorption coefficient due to variations in the intensity 
of sound. For comparison of these coefficients at different sound intensities 
the stationary wave method was employed ajg^c^|(\v^Heus souroes of errors 
inherent in the method were either elindM^^^^jwught well under control so aA 
to obtain reproducible results. Thejja^itiatah so far tested were of the ‘ yielding ' 
type, suoh as hair-felt, ordinary- tmn doth, ootton-waste and a commercial 
substance Treetex. A large number of experiments were performed and con- 
sistent results were obtained for each specimen. Later on, a few experiments 
were also performed with a ' non -yielding ’ type artificial specimen made up 
of a large number of capillary glass tubes each of 10 oms. length, and of about 
1 mill. bore. A discussion of the results is given m the last section. 


Section 2. The theoby of the stationary-wave method 
The theory of this method has already been worked out by E T Pans 
(1927) in which he has deduced eqn. (2) to calculate the sound-absorption 
coefficient of the substanoe, namely 


a 


( 2 ) 


where x is the absorption ooeffiotent and| is the ratio of the maximum ampli- 
tude to the minimum amplitude. Here by ‘ absorbed sound ’ is meant that part 
of tile incident sound which is not reflected. To find j experimentally we first 

determine the resistance changes p, and p, when the detecting instrument (the 
hot-wire microphone) inside the pipe is at the minimum pressure-variation and 
the ng£ximura pressure-variation, respectively ; the mouth of the pipe having 
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been stopped by the specimen under test. The specimen is then replaced by a 
perfect reflector and the positions of the microphone to give the same resistance 
changes pj and p t are determined. Let these positions of the microphone be y x 
cms and y t oms., respectively, distant from the nearest node, the position of 
whioh is previously determined. Now, since the pressure amplitude in 
the stationary wave is proportional to sin ky (y is the distance from the node, 

2fp 

ifc ™ -y and A is the wavelength), the pressure amplitudes producing these 
resistance changes p t and p g must be proportional to sin and sin ky t so that 


from whioh a is given by 


a 


a sin ky t 
b sin ky t 


4 


2 + 


sin~fcy, | sin fey, 
sin ty, sin ky s 


(3) 


Section 3. Apparatus. 


(а) The experimental pipe. 

The experimental pipe was made up of three pieces of glazed clay pipe of 
3(1 cms. diameter (internal) and in length about 60 cms. each, with a wall- 
thickness ot about 6 oms. These pipes were placed horizontally end to end 
on padded V-shaped supports, which in turn rested on a raised platform 
and were cemented together. One of the ends of this composite pipe opened 
into a wooden box 4' X 3' X 3' whioh served the purpose of a sound chamber. 
The specimens to be tested were placed at the other end of the pipe. The 
speoimens had to be cut or shaped in a circular form so as to fit tightly into the 
circular mouth of the pipe which was lined all along its brim with a washer. 

A circular brass-plate of about 0-25 inch in thickness, mounted permanently 
on a circular wooden diflc, 1*5 inches thick and of about 37 cms. in diameter was 
always used to baok the specimen. This whole system, that is the specimen 
backed with the perfect reflector, could be easily fitted into the mouth of the 
pipe and kept very rigidly in place by means of a wooden wedge which clamped 
its central portion as well 

Sinoe the apparatus was kept in a sequestered place in the laboratory, 
far away from the din of traffic and, further, sinoe most of the experiments 
were performed during the night or during the quiet part of the day, no other 
precautions were necessary to avoid extraneous vibrations. 

(б) The source of sound. 

The souroe of sound was a moving-ooil-type loud-speaker whioh was 
actuated by a valve-maintained tuning-fork oscillator in conjunction with a 
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single-stage valve amplifier. The loud-speaker was kept rigidly fixed inside 
the sound-chamber and was for all practical purposes fully insulated from extra- 
neous influences. 

(c) Intensity of «ound. 

To measure the intensity of gound, the oscillatory ourrent in the primary 
of the loud speaker transformer was first rectified by means of a full-wave 
rectifier, namely a copper-oxide metal rectifier (range lm. amp.) and then 
passed through a sensitive galvanometer which was shunted to bring the deflec- 
tion within range. The deflection (In) of this galvanometer was then taken 
to indicate the valve of sound-intensity in terms of arbitrary units, for a given 
value of the ourrent ( I m ) in the field-coil of the loud-speaker. The current 
in the field-coil was measured by a low-resistanoe milli-voltmeter (in the absence 
of a suitable milli-ammeter). Thus the intensity of sound is ultimately read 
by a combination of (In) and (/ J and henoe any change in the value of (/ J will 
mean a different intensity of sound though (/#) may read the same. 

The variations in the sound-intensity, as measured in terms of (/« ; I m ), 
were effeoted by altering the values of (In) and keeping (/„) constant. Altera- 
tions in the values of (In) could be brought about by altering (1) the filament 
current of the amplifier valve or (2) the plate-voltages of the amplifier and the 
oscillator valves. , . 

By keeping the plate and the filament voltages of these valves Bteady 
and also the current ( /„ ), it was possible to maintain any desired intensity of 
sound constant to about 0*2% of itself. 

To roughly estimate in decibels the order of sound intensity, the tuning 
fork method of Davis ( 1930) was employed and it was found that the intensity of 
sound (In ™ 20 ; /„ = 75) corresponded to about 25 decibels and that of sound 
(In ■» 120 ; I m m 75) corresponded to about 55 decibels so that the range of 
sound-intensity employed in the present investigation was roughly from 25 
to 55 d.b. Sinoe we had no better arrangement to find out the intensity values 
in decibels we have thought it best to give these relative values of the sound- 
intensity in the arbitrary units (I R , I m ) 

The frequency of the loud-speaker note was fairly constant as it was fed 
by a valve-maintained tuning-fork oscillator of frequency about 511. It may, 
however, be remarked that the frequency of this note varied to an extent 
(maximum) of about 7 parts in 10,000 as we changed the intensity from its 
lowest value to the maximum one. This was due to the use of iron pole-pieoes 
in the oscillator. These changes in frequency were measured by counting 
beats by another standard tuning fork of frequency 512 cyoles per second. 

(d) flol-wire microphone. 

^ The measurements of the ratio of maximum to minimum velocity ampli- 
tude inside the pipe were carried out by means of a selective hot-wire micro- 
phone of small dimensions similar to the one used by Tucker (1921, 1927), 
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E. T. Paris and others. The (safe) current carrying capacity of the microphone 
grid was about 40 miUi-amperes , but it was heated by a steady current (I g ) 
never exceeding about 32 milli-amperes. The value of (I#) was purposely 
kept low to avoid excessive heating of the grid which might give nse to 
evaporation effeot (1014). 

The microphone as a whole was rigidly supported at the end of a long 
rod and so arranged that its orifice always lay on the axis of the pipe for all 
to and fro movements of the rod and that there was no danger of tilting it 
during its movements inside the pipe 

By moving the rod from outside, the position of the microphone inside 
the pipe could be varied as desired. The finer movements of tho microphone 
were controlled by a rack and pinion arrangement. The positions of the micro- 
phone insido the pipe could be measured from outside by a comparator method 
using a travelling microscope reading up to 0*01 cm. 

The resistance changes due to the cooling of the microphone grid by sound 
in the pipe were measured by means of a sensitive bridge shown in Fig. 1 up to 
01 ohm from the (dial-type) resistance box D and to 0 001 ohm in terms of 
the deflection of the galvanometer O m , the sensitivity of which was about 10 8 
amp. per mm deflection at a distance of one metre. 

A similar hot-wire microphone which was mistuned and shielded from all 
kinds of noises was also included in the bridge-oircuit outside the pipe. The 
mistumng and shielding of the dummy microphone was a necessary precaution 
to avoid all stray noises, as well as the note from the loud-speaker. Later on 
the dummy microphone was altogether removed with advantage. A full 
diagram of the electrical connections is given in Figs. 1 , 2 and 3. 
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Secium 4. Method or observation. 

After tuning the hot-wire microphone in the usual way the open end of 
the experimental pipe was carefully closed by the specimen and allowed to 
remain there undisturbed till all the readings for various sound intensities were 
completed. This procedure was adopted in order to avoid variations in the 
absorption coefficient due to direct leakage of sound. Henoe any absorption 
of sound whioh might be due to its direct leakage under a particular mode of 
closing the pipe remained constant for all the various intensities used. For 
a similar reason the sound chamber also was not disturbed after having been 
onoe closed. Then the current in the hot-wire grid was adjusted to some 
suitable value (I g ) and the steady balanoe point (i.e. without sound) of the Hpot 
of light from the galvanometer, O m , was obtained The source of sound was 
switched on and for a given value of the intensity, the readings for p t and p t 
being obtained in the following manner. 

The microphone was slowly shifted until it indicated a change of resistance 
Pi which was minimum. The correct* position of the microphone correspond- 
ing to pi, thus obtained, was noted down on the travelling microscope. The 
microphone was then kept fixed at this correct position and several readings 
to obtain p x were taken. The average of these readings was considered to be 
the most probable value of p x for that particular value of the intensity of sound 

Exactly in the same manner, the position of the microphone was located 
at the neighbouring loop and the average value of p x (ohms), the maximum 
chaqge in its resistance, due to sound of the same intensity, as before, was 
obtained 

The procedure was repeated for different values of sound-intensity and the 
positions of maxima, minima and the values of p { and p t were determined in 
each case separately. 

Deiennination of y, and y t . 

To determine the values of y, and y t the specimen was removed from the 
mouth of the pipe and the perfect reflector alone was oarefully fitted and the 


* To obtain a correct value for the minimum position the microphone was slightly 
displaced from its minimum position until the reeistence change became n', (p X '>pi) 
and |he corresponding position of the microphone was noted. The microphone was dis. 
placed slightly further, again in the same direction, until the resistance change became 
Pl'< (Pi'>p’>Pl) and the position of the microphone corresponding to p\ was also 
noted- Let these positions of the microphone corresponding to resistance changes p%, 
pi apd pi be *i, x\ and «j', respectively. Further, the positions of the microphone 
oortfspondmg to the same resistance changes pi and p\, but on the opposite side of its 
minimum, were also located in the same manner by displacing the microphone in the 
reverse direction. Let the positions of the microphone now be »' and o', respectively. 
The correct position of the microphone for the minimum resistance change was then taken 
as ap average of the readings, namely, 

(1) *is (*) *(*»'-•') and (3) »(*!*-«•). 
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position of the microphone, when it was located at a node, was noted down 
on the miorosoope, as previously done. The microphone was then displaced 
from this nodal point to such an extent that the resistance change was p,, the 
same as was obtained in the specimen-experiment for the same intensity of 
sound. The value of this displacement y x oms. from the nodal point was 
then accurately measured on the microscope. By repeating this to obtain 
the position of the microphone, on the opposite side of the nodal point, for the 
same resistance change, the value of 2y, cms. was also obtained. 

Similarly, the value of the displacement y t oms. of the microphone from the 
node, required to produce the resistance change p t for the same intensity, was 
also obtained. 

And in this manner the values of y, and y g were suooessively determined 
for all the intensities that were employed in the series of p, and pj determinations 
in the specimen-experiment without, of course, disturbing that particular 
mode of dosing the pipe or the sound-chamber. 

Finally, by measuring distances between the successive minima, the wave- 
length X could be determined and the value of k (k = — J calculated ; and 

using this value of k in eqn. (3) the value of « for each Bound-intensity could 
be obtained. 


Section 5. Experiments. 

In this section a description of the various experiments performed with 
the different substances, already mentioned, is briefly given and for a few 
typical cases the actual readings obtained during the experiment are also 
presented in tabular forms. 


I. 

Cotton-waste 

The cotton-waste specimen was made by loosely packing ootton-waste 
into a circular wooden frame-work of the required diameter which fitted tightly 
into the mouth of the experimental pipe. The average depth of ootton-waste 
was %und to be about 2 inches. An open-meshed wire gauze was also stretched 
across its exposed end to prevent the cotton-waste from slipping or becoming 
more loose during the progress of any particular experiment. This precaution 
was nsoessary for obvious reasons and it enabled us to make such a specimen 
retain its absorptive properties constant at least for each complete experiment, 
during whioh it was never disturbed. The specimen was backed with the per- 
fect reflector. The readings for two different experiments with the same 
specimen are set down in Tables 2 and 3 and the results are plotted in Figs. 4 
and 5 respectively. 
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Tabu 1 

Specimen : Cotton-waste, 2 inohe* thiok. 


*=.0-091 


" 1 

£ 

amps 

Dtv. 

*» 

PI 

PS 

ft 

ft 


1 

288 

780 

30-0 

40-5 mm. 

l-3ohm+30mm, 

2-40 cm. 

7-11 cm. 

0-777 

2 

28-8 

76-0 

00-0 

0-3 ohm. + 9 mm. 

5-8ohm.-10mra 

2' 37 cm. 

7-28 om. 

0-786 

8 

288 

76-0 

90-0 

0-7 ohm. + 13 mm. 

12-4 ohm. +35 ram 

2-32 cm. 

7-39 om. 

0-754 

4 

28-8 

76-0 

120-0 

1-4 ohm. + ll mm. 

18 4 ohm. — 10 mm. 

2-28 ora. 

7-48 om. 

0-744 


Tabu a. 


Specimen : Cottonwaate, 2 inohee thick. 


k- 0-000 



h 

m. 

lUBpfl, 

/. 

Dlv 

h 

De- 

flex- 

ion. 

„ 

PS 

Vi 

cm*. 

Vf 

om*. 



SS-l 

76-0 

30-0 

39-0 mm. 

0-7 ohm.- 10 mm 

2-730 

11-05 

0-696 


32-1 

75-0 

50-0 

104-0 mm. 

2-3 ohm. +20 mm 

2-880 

11-10 

0-689 


38-1 

75-0 

70-0 

0-8 ohm. +33 mm 

8*4 ohm. 

2-660 

11-22 

0-683 


311 

75-0 

90-0 

0-4 ohm. + 6 mm. 

10-8 ohm. 

2-840 

11-35 

0-678 


32*1 

75-0 

105-0 

0-5 ohm. +84 mm. 

15-9 ohm 

2-635 

11-50 

0-675 

_ 

32*1 

75*0 

120-0 

0-8 ohm.- 20 mm. 

21-4 ohm. 

2-620 

11-65 

0-669 


Tmltx 

The next substance under test was Tree tax — a fibrous subetanoe of fairly 
high absorbing properties. The average thickness of the subetanoe is about 
0*6 inch and, aooording to the manufacturers, the value of its sound-absorptlon 
coefficient is approximately 30%. Three pieces were out from a sheet of 
Treetex and joined together so as to form a diso of the required size (37 oms. 
diameter). It was then mounted on the perfect reflector as usual. The 
cutting into pieces and then joining into a disc was purposely done to get the 
joints and to discourage vibration (if any) as a whole, of the specimen. Table 
4 contains the readings of the experiment with Treetex, the result is shown 
in fig. 6. 
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Tabli 4. 

Specimen: Treetex About 0-6 inch thiok. i= 0-002 



40 
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m. 

Hair-felt. 

The third substance tested was coarse hair-felt about 0'4 inch thick. It 
was out into a circular form and mounted on the perfect reflector in such a 
manner that there was no space left between the felt and the perfect reflector 
The data for an experiment with this substanoe are set down in Table 6 and the 
result plotted in Fig. 7. A different piece of hair-felt, fresh from the market 
06 


•28 

•26 

•24 

•22 



0 


40 60 


100 




20 


Fra. 7. 


80 




and about O' 5 inch thick, was also tested. The typical readings for this speoi- 
nlen are shown in Table 6 and the result plotted in Fig. 8. 

Table 0 . * 

Specimen: Hair-felt about 04 inch thick. Jfc-0-90 


De- Pi 

flexion. 

30-0 1-0 mm 

60 0 2-8 mm. 

60-0 3 0 mm. 

78 0 6 0 mm 

00-0 7-0 mm 


Table 8. 

Specimen: Hair Felt 0 6 inch thiok. i— 0 09 



PS I Vl I Vi 


0-88 ohm. 0 70 cm. 11 00 cm 0 281 

2-70 ohm 0 63 cm 11 20 cm. 0 236 

3 80 ohm. 0 68 cm. 1 1 30 cm. 0 218 

6 70 ohm 0 55 cm 1 1 45 cm 0 206 

9 50 ohm. 0 55 cm 11-55 cm 0 205 
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IV. 

Tool. 

The fourth substance tried was ‘ Tool ’ (Hindustani name for a kind of 
thin red doth of ooane texture). It was mounted on the perfect reflector. 
The readings for this substance are set down in Table 7 and the result plotted 
in Fig. 9. 


Tabu 7. 


Specimen; Tool, single layer about 0-5 mm. thick. Jfc-0 089 


7-6 nun. 
24 0 ram. 
43-0 mm. 


7 98 ohm. 
18-53 ohm. 
28-87 ohm. 


0-300 

0-288 

0-280 


14-48 
14-48 
14 82 


0108 
0-100 
0 098 


oC 



0 50 too 
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Capillary -tube -specimen. 

Thin artificial specimen was made by arranging perpendicularly a large 
number of thin capillary tubes in a cylindrical vestfel whose diameter was 
about 15 cms. and height about 11 oms. The length of each capillary tube 
(vaccine tube) was 10 cms. and its average bore was estimated to be about 
0*1 cm. by measuring the bores of a few typical tubes of the lot. The average 
thickness of the wall of the tube was of the order of 0 - 02 cm The number of 
tubes required to fill this vessel completely was about 9,000. This specimen 
had mostly two types of capillary ohannels depicted in Fig. 10 by (a) and (ft). 
The number of (ft) type channels in the honey-comb structure of the specimen 
was estimated to be about the same as that of the (o) type channels, i e , 9,000 
The cross-sectional area of the total (ft) type channels was about 8% to 19% 
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of the oross-sectonal area of the total (a) type channels. Further, the dimen- 
sions of the specimen and the density of glass being known, the total area of 
perforation was calculated to be 98 sq. cms. approximately. Hence, the ratio 
of the perforation to the total area was equal to 0 - 55. 

In performing experiments with the above specimen, the experimental 
pipe (internal diameter 30 cms.) was replaced by a smaller pipe of internal 
diameter 15 cms. and of length 180 cms. The specimen, described above, 
could be easily placed tightly inside the mouth of the experimental pipe and 
backed with a heavy perfect reflector, which consisted of a brass plate 0 25 
thick permanently mounted on a wooden disc (1J* thick) and of diameter 
about 20 cms. 

The readings for the experiment performed with this specimen are set 
down in Table 8 and the result plotted in Fig 11. 


Spot linen Capillary Rlans-tube assemblage 1 - 0 UB 


m 

1m 

Div 

hi 

De- 

flex- 

rama 

PI 

ftf 

« 

Vi 

■ 

1 

28 1 

70 0 

30 

0 1 ohm - 10 min 

6*0 ohm 26 mm 

2-34 cm. 

1 1 62 t m. 

0 627 

2 

28 1 

70 0 

00 

0 2 ohm 18 mm 

1 1 6 ohm 

2 34 ira 

1 1 73 om 

0 625 

3 

28 l 

70(1 

100 

0 4 ohm +35 mm 

10 3 ohm 

2 32 cm 

11 80 cm 

0 620 

4 

281 

70 0 

150 

0 8 ohm -15 mm 

27 7 ohm 

2 32 < m 

12 04 im 

0616 

5 

28 1 

70 0 

200 

1 3 ohm + 5 mm 

31 5 ohm 

2 32 om 

12 40 cm 

0 610 

6 

28 1 

70 0 

230 

1 8 ohm +10 nun 

35 6 ohm 

2 31 cm 

1 2 60 cm 

0 605 

7 

28'1 

70 0 

270 

2 8 ohm — 5 mm 

38'3 ohm. 

2 31 tin 

12 82 cm 

1 

0601 


0 c 




ABSORPTION COBFFIOIKNT WITH INTENSITY 


357 


Section 0. Results. 

In this section the results of experiments are presented separately for each 
specimen tested and a general discussion of the same is also appended 


1 . Cotton-waste 

From Tables 2 and 3, and Figs. 4 and 5, it may be readily seen that an 
increase in the intensity of sound incident normally upon the above specimen 
produces a marked decrease in its absorption coefficient and that this decrease 
is almost a linear one By taking an aggregate of several results, it is found 
that a change in the intensity of sound from 25 d b to about 55 d b causes a 
decrease m « of the order of 4 to 5% of itself 

2. Treetex 

It is interesting to note that the curve (Fig 6) depicting the variation of 
the absorption coefficient of Treetex with intensity indicates a minimum value 
of the same Increase in the intensity of sound from 25 d b. upwards is found 
to produce, at first, a continuous decrease in a up to about 40 d b and for 
further increments up to 55 d b a is found to increase continuously The 
maximum decrease in « was of the order of 10% of its value corresponding to 
the intensity of about 25 d h. 

3 Hair-felt 

The a-intensity curves (Figs 7 and 8) for the two different samples of this 
substance also show a minimum value of a corresponding to an intensity some- 
where between 45 d b and 50 d b. This decrease in « at the minimum is of 
the order of 25% of its value corresponding to 26 d b 

4. Tool. 

The a-intensity curve (Fig. 9) obtained for this substance shows a linear 
decrease of « which is of the order of 7% of itself for a change of intensity from 
25 d b. to 45 d.b The variation of a for this substance is more or less similar 
to that obtained for cotton-waste. 

5 . The glass-tnlie specimen. 

The absorption coefficient of this artificial substanoe is found to decrease 
with intensity (almost linearly) in a manner depicted by the curve shown in 
Fig. 11, The decrease in « is between 6% to 7% of its value for a change of 
intensity from 25 d.b. to about 60 d b. 

From the results given above it may be gathered that in the case of the 
felted substances, so far tested, the value of absorption coefficient, at first, 
decreases with the intensity of sound until it reaches a minimum value, after 
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which it begins to increase with further increase in the intensity. Whereas 
m all other cases a is always found to decrease with the intensity of sound 
up to about 60 d.b., the highest intensity employed in the test. Whether for 
still higher intensities these substances will also have a minimum value of « is 
a matter that requires further investigation 

Section 7 Discussion of Results 

The ‘ perfect ’ reflector which was used in these experiments never fulfilled 
the condition of the ideal reflector demanded by the theory of the method 
(§2) and so the waves inside the pipe were not perfectly stationary From the 
deflection of the galvanometer, obtained at a nodal point m such a stationary 
wave -system, the absorption* -coefficient of the reflector was calculated to bo 
of the order of 0 016 and, hence, its reflection coefficient was only 98 6%, 
approximately, instead of 100% required by the theory From the practical 
point of view, however, this slight defect of the reflector could be safely 
ignored ; and also since it remained constant for all the intensities used it 
could not vitiate the observed results 

The perfect reflector being very thick and heavy there could have been 
little chance of its vibration under the pressure of waves (frequency 511), 
especially when its central portion was also rigidly clamped by the wooden - 
wedge (§3) Tliis was proved by the fact that the nodal point m the station- 
ary wave pattern, when the perfect reflector alone was used, did not indicate 
any shift in their position with variations in the sound intensity Consequently, 
there was no possibility of the specimen (backed by the perfect reflector) 
behaving like a light panel and changing its transmittance with variations in 
the intensity of sound incident upon it. The employment (in the test) of 
every inelastic substance, like cotton-waste, is also an assurance that the 
observed variations m the absorption coefficient with intensity were free from 
this error 

It may be recalled that the maximum variation in the frequency of the 
note employed in the test was of the order of about 7 parts in 10,000 and this 
must have slightly decreased the sensitivity of the tuned hot-wire microphone 
This factor, however, cannot affect the value of a because at any particular 
intensity (hence frequency) the microphone has absolutely the same sensitivity 
while taking readings for p, and p £ as that for y x and y t . The variations in 
a due to slight changes in the frequency of the note, in the present case, are 
negligible ; in fact, for hair-felt half an inch thick, this can be shown, from the 
already existing data (1936), to be of the order of 0 0001 ; and in cases other 
than hair-felt it is still smaller. 


• This includes all energy losses due to leakage, transmission, eto of sound from the 
end of the pipe in which the reflector u tightly fitted. 
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The oscillogram of the oscillatory current from the tuning-fork oscillatot 
(Fig 12) shows that the current which actuated the speaker was not sinusoidal 
But the components present were 1 emote from 512 and so they could not have 
influenced the detecting instrument which was highly selective in character 
and tuned to a frequency of 511 cycles jier second 



Finally, to he more ceitain of the obsetved lcsults the expei imeiits w'ero 
related by replacing (1) the hot-wire microphone by another of siimlat design 
and make, and (2) the full-wave rectifier by anothei rectifier and later on by 
a suitable vacuum thermocouple The experimental pij>e and tho sound- 
chamber were also replaced and under all circumstances the same tvi>c ol 
results were obtained 

Section 8 A possible explanation ok the observed decrease in the 

VALUES OF THE ABSORPTION COEFFICIENT WITH INCREASE OK INTEN- 
SITY OF SOUND 

The results given m section (6) indicate a dociease of absorption coefficients 
of various substances fn the case of hair-felt anti Troetex the decrease is as 
much as 25 and 10%, respectively, whilo in the case of cotton-waste and vaccine 
tulies the decrease is much less, viz 5 and 7%, respectively. Now, a decrease 
m the value of tho absorption coefficient means an increase in the value of the 
reflection coefficient 

0 

( r ^ p'c'/pc— 1 
f, =pc'/pc+l 


given by 


( 4 ) 
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where ~ represents the ratio of the aooustio impedances of two media. 

If the reflection occurs at the surface of a porous material, then this ratio is 
givon by 

• - ■ ,6) 

where the porous material is considered to be an assemblage of a large number 
of fine tubes of radius * a ’ and A is the thickness of the laminar shell which is 
discussed in the following paragraphs. 

It was first suggested by Stokes that during sound transmission through 
tubes there arises a frictional foroe which causes damping to the sound waves 
This frictional force is considered to be due to a layer of fluid on the surface of 
the tube which is in laminar motion ; the thickness of this layer is very small 
and is given by A , which from theoretical considerations is found to be 

A - . . (6) 

wlieie v represents the kinematic viscosity and ~ tho frequency of vibration. 

This view has been supported by Lamb, Rayleigh and others Thus we como 
to a startling conclusion that to account for the decrease of absorption coefficient 
for a tube of given radius the value of A must increase with intensity of sound 
waves, that is, the thickness A of the laminar layer must increase From 
our experiments, however, it is not possible to calculate the value of A It 
may be noted in this connection that formulas (4) and (5) are based on a theory 
which assumes that tho porous substance at which reflection occurs is an 
ideal substance which is a regular assemblage of a large number of similar 
channels of circular cross-section and thin wall, uniformly distributed and 
bounded by surfaces everywhere perpendicular to the face. It is, therefore, 
evident that even our vaccine tube specimen does not como up to the mark, 
as there aro in it two types of channels (§5, Fig. 10) of a widely different 
nature, (ft-type channels are not circular) and, hence, the reflection at such 
a surface is a complicated affair. 

According to the theory developed by Sexl (1928), the partiolo velocity u 
at any radial distance r, m the case of alternating flow through a tubo of radius 
‘ a is given by 

u a Cx{(ber ao— ber ar) sin wf+(bei oca— bei ar) cos a><} .. (7) 


where 


a — and 


frequency. 
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It is found that for small valuos of the velocity u follows Poissiculle’s 
law, viz. . 


Whilo when oca is large corresponding to increasing frequency, it is found 
that the velocity is practically constant along the radius except near the surface 
of the tube whore the velocity vanishes Thus we find that near the surface 
of the tube there exists a layer where the motion is laminar 

Experiments on alternating flow through tubes havo been performed by 
Richardson and Tyler (1030) who havo measured the velocity giadiont in a 
transverse direction near the mouth of pipes , their result confirms the above 
theory m a most remarkable manner The thickness of the laminar layer A 
has been found to vary with frequency in the manner predicted by the theory, 


The phenomenon near the open end of the pipe (at the other end a vibiatoiy 
piston worked) is found to be very complicated, the peaks become very promi- 
nent and sharp and the velority gradient along the radius does not follow Scxl 
law As wo recede from the open end, the peaks become less prominent and 
shift their position with respect to the wall of the tulie (Fig 13) The shift ih 
towards the wall indicating a decrease in the value of A. With an increase 
of frequency, the samo phenomenon is found to repeat itself with greater 
prominence and sharpness (A is measuied from the peak to the surface of the 
1»P°) 



Fig 13. 

Curves showing velocity of air particles measured along the radius of the pipe at 
varying distances from the mouth of tho pipe. 
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These results are of great consequence in the calculation of acoustic impe- 
dance at the open end of a tube In calculating the impedance we generally 
assume that the type of motion at the open end is exactly the same as in the 
interior. According to experiment, however, we find that this is not the case 
Hence, the impedance as calculated on the above basis will not represent the 
true value indicated by eqn (5). We have already observed that the value 
of A near the open end is entirely different from that which exists in the interior 
of the tube. There is a decided increase in the value of A at the open end 
Thus, the calculated value of the reflection coefficient will be larger and hence 
the absorption coefficient a for a porous material will be smaller than that 
calculated on the basis of formula (4) 

But we have so far no diroct experimental evidence to support the view 
that A near the open end undergoes a further change in the value with the 
increase of the intensity of sound waves It has been iound during the course 
of the determination of the nodal point that the latter shifts its position with 
the intensity.* Since the wave-form is not sinusoidal but shows the presence of 


•The shift of the nodal point observed in the (two of (ottoii waste and hair felt are 
set down in tabular form below.— 

A. Cotton -waste 



Intensity 


It 1 l 






Total shiit 

shift ot nodal 

Percent of 

a 


/„ 

h 

centimetres 

total shift 

Approx. 

1 

75 

30 

4 H4 

0 (HI 

0 0 

0 77 


75 

flo 

4 79 

0 05 

l 0 

0 76 

3 

75 

oo 

4 69 

0 15 

3 1 

0 75 

4 

75 

120 

4 65 


4 0 

(>•74 




13 Hair 

»«*• 




Intensity 

Total shift 

Kelative 
shift of nodal 

Percent of 

a 


Im 

h 


point ems 

total shift 

Approx 

1 

75 

30 

1 73 

0 00 

0 0 

0 24 

2 

75 

50 

1 70 

0 03 

1 7 

0 23 

3 

75 

70 

1 65 

0-08 

46 

0 22 

4 

75 

90 

1-60 

<H3 

7 5 

0 21 

6 

75 

120 

1-62 

0 11 

6-4 

0 22 


Here the total shift is the difference between positions of the nodes with the perfect 
reflector and with the specimen, respectively. 



ABSORPTION COEFFICIENT WITH INTENSITY 


363 


other components (Fig 12), the phenomena at the surface of the porous material 
must become more complicated and the interpretation of the results become 
difficult. But the hot-wire microphone, coupled with the resonator, being a 
selective instrument there is no doubt that the nodal point, for the particular 
frequency, shifts with the increase of intensity On the basis of physical 
independence of motion of different frequencies, we might assume that the 
nodal point near the surface of porous mateual will also undergo a shift. In 
the case of a porous material, the nodal point is virtually inside the porous 
body With the increase of intensity the nodal point shifts towards the open 
end, and if the experimental evidence of Richardson and Tyler be taken into 
consideration we find ti ready explanation of the increase of A 

Richardson (1926) has also pointed out that A varies with the roughness 
and the elasticity of the material of the tube A large number of experiments 
performed to determine the tube-coriection (1933) to account fot the diminu- 
tion m the velocity of sound in tubes also seem to indicate the dependence of 
A on the two factors mentioned above 

The phenomena, however, requires further investigation with pure sinu- 
soidal notes before any definito conclusion can be drawn regarding (1) the shift 
of the nodal point, and (2) the changes in the value of A near the open end 
at high frequencies The theory so far known relates, it must be observed, to 
the phenomena inside the tube 

In conclusion T should like to offer my thanks to Professor M N Saha, 
F R S , for his kindly mteiest and to Dr R N (Jhosh, I) Sc , for his critical 
suggestions and help throughout the w'ork I also wish to express ray thanks 
to the authorities of the Osmanu University of Hyderabad, particularly 
Pro- Vice-Chancellor Qazi Mohammad Husain, for granting a scholarship 
which enabled me to stay at Allahabad and cany out this woik 

Abstract 

An experimental study of the variation of sound-absorption coefficient a 
with intensity of sound was made by means of the stationary- wave-method 
The materials employed in the investigation were (1) cotton- waste, (2) treetox, 
(3) hair-felt, (4) tool (a kind of thin cloth) and (.*>) an artificial specimen, which 
was an assemblage of a large number of capillary glass-tubes It is observed 


The virtual node ill the case of a specimen is situated somewhere inside the body of 
the specimen and so, in other words, the total shift is the distance of tho virtual node 
from the surface of the specimen It may be noted (Tables A and 11) that as a decreases 
the virtual node shifts towards tho surface of the specimen, and in the limit, that is when 
«_^ n (Perfect Reflector) the virtual nodal point is at the surface of the subgtance and hence 
there is no shift of the nodal point with variations of the intensity of sound 

During tho shift-measurement experiment, the room temperature was almost constant 
and the effect of change m frequency of the note (7 parts in 10,000) on the quarter wave 
length, and hence on the shift, is negligible. 
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that an increase in the intensity of sound causes an appreciable decrease in 
the absorption coefficient of these substances For an increase in sound - 
intensity from 25 d.b. to about 65 d b, the decrease in a, in the case of cotton- 
waste and tool, is found to be linear and about 6% and 6% (of itself), respect- 
ively. In the oase of felted substances (2) and (3), a at first decreases with 
intensity and after reaching a minimum value begins to increase with further 
increment in sound-intensity. The maximum decrease in a for (2) and (3) 
is as much as 16% and 26% (of itself), respectively. In the case of glass-tube 
specimen the decrease in a is about 7% for a change of intensity from 25 d b. 
to about 60 d b. 

In explaining the results, the idea is put forward that an increase in the 
intensity of sound-waves increases the thickness of the layer of laminar flow 
or the ‘skin ’ of gas which exists at the surface of the tube when the gas oscillates. 
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HEAT OF IONIC DISSOCIATION OF IODIDES OF RUBIDIUM AND 
LITHIUM AND ELECTRON AFFINITY OF IODINE 

By B. N. Srivastava, M Sc , Lecturer in Physics, Allahabad Univeisity 
(Communicated by Prof M N Saha, F R S ) 

There are various methods, chiefly spectroscopic, for determining the heat 
of dissociation ot diatomic molecules into neutral atoms Some of these 
have been employed for experimentally detei mining the heat of dissociation 
of most alkali halides into tlieir constituent atoms Fioin a knowledge of this 
the heat of dissociation ol an alkali halide JfX into an ionised alkali atom M *■ 
and a negative halogen ion X~ can be calculated it the ionization potential 
ot the alkali and the election affinity ot the halogen atom aie known The 
heat of dissociation of an alkali halide into its constituent ions will lie briefly 
termed as 1 heat of ionic dissociation’ Theie is, however, a direct thermal 
method for determining this heat of ionic dissociation which has been employed 
by J E Mayer (1930) and his eo- workers and in this laboratory by M N Saha 
and A N Tandon (1936) The principle of this method is to lead the alkali 
halide vapour MX into a chamber maintained at a high teinjiorature and 
estimate the quantity of M + and X~ ions formed as a icsult of thermal dissocia- 
tion by measuring the respective ionic cunents obtained by the effusion of these 
ions through a narrow orifice From Hueh measurements the concentration 
of the ions can be found The vapour pressure of the alkali halide is known 
from the temperature of the subsidiary furnaie We can then deteimme 
the equilibrium constant of ionic dissociation from which the heat of ionic 
dissociation is easily calculated with the help of the usual dissociation formula 

J E. Mayer (1930) investigated the ionic thermal dissociation of iodides 
of ctesium and potassium fiom which he detived the heat of ionic dissociation 
This enabled him to calculate the election affinity of iodine by making use of 
tho Born cycle J E Mayer later on with L Helmholtz (1932) worked with 
RbBr and NaCl M N Saha and A N Tandon (1936) studied the dissociation 
of KC1, NiyCl and LiCl and determined the electron affinity of chlorine A N 
Tandon (1937) worked with KBr and NaBr and KT and Nal and found the 
electron affinities of bromine and iodine In tho present paper tho dissociation 
of iodides of rubidium and lithium has been investigated with an impioved 
apparatus and the method of calculation has boon freed from certain inaccura- 
cies occurring in the previous papers Tho lattice energy of the alkali halide 
and the electron affinity of iodine has also been deduced. 

Among other interesting methods employed for experimentally determining 
the electron affinity of iodine may be mentioned those of P. P Sutton and 
J. E. Mayer (1935) and of G. Glookler and M Calvin (1937) The values of 
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this quantity from all determinations up-to-date, experimental as well as theo- 
retical, are oollected in Table 7. 

On the theoretioal side the most important work is that of Max Bom and 
J. E. Mayer (1932) who have improved upon the older theory of ionic crystals 
by taking into account some additional factors and obtained a formula for the 
lattioe energy which has been utilised by L Helmholtz and J, E. Mayor (1932), 
Mayer and Maltbie (1932), Mayer (1933), Mayer and Levy (1933) for 
calculating the lattioe energies of the alkali halides and some other simple 
salts. M. L. Huggins (1937) has recalculated the lattice energietfMSiy taking 
into account more recent data. From these results the heat of lomCdisBociation 
as well as the electron affinities can be calculated. 


Theoby 


When the alkali iodide vapour MI enters the region of high temperatures 
the following reactions take place . — 


M1&M+I-D, .. 

(1) 

MI^M++I--Q, 

(2) 

MvM++e-I M , 

(3) 

1" Sl+6— fix, 

W 

1^21 -D', 

.. (5) 


where D is the heat of atomic dissociation of the alkali halide, Q the heat of 
ionic dissociation, I M the ionization potential of the alkali M, Ex the electron 
affinity of iodine and D' the heat of dissociation of the iodine molecule It 
may be emphasized that the conditions of equilibria of all the five reactions 
must be individually and simultaneously satisfied no matter what be the 
concentration of any of the components, provided only that all are present in 
the reaction space. Thus even if from any cause any component is present 
in much greater or smaller concentration the other components so adjust 
themselves that the dissociation formula is satisfied and the dissociation con- 
stant is always given by the usual thermodynamic formula. Hence the presence 
of excess of electrons due to thermionic emission from graphite doe^not affect 
the value of the dissociation constant. It can be shown from thermodynamic 
theory that the dissociation constant K% of the reaction (2) is given by the 
formula 


log X t = log 


Pm+ Pi- 
Pmi 


dlr+! k * T + k * ( l ~‘ 


+log 


2 !*/■ it l l» Ih \ m MI ) J ’ 


( 6 ) 



RUBIDIUM AND LITHIUM AND ELECTRON AFFINITY OF IODINE 


367 


where v is the frequency of linear vibration of the atoms in the molecule of the 
gaseous halide MI, I the moment of inertia of this molecule and 
rtij , the masses of the ion ot the molecule The other dissociation con- 
stants are given by the following relations — 

Dissociation into atoms • 


log K, 


P\/P/ 

Pm/ 


^+1 log T + log(l- e *■'*') 

+ ' 0g [ 2 rai(’-^ i ) ,, '] + ' 0gS - 


Iomzation of the atom 
log #3 


5. . (2 k 6 /' 

r+2 log r +l°« J % • 


Formation of negative halogen ion. 
PjP, 


( 2 it m,fl* k i l< 


log K< = log ^ - 2 - 3^+2 log T+log p- 

Dissociation of the halogen molecule into atoms 


+ log S 


log/f 5 =log ~ = 

Pi 


^ + 3 logT+Iog( ,_ e .^ 7) 


+log 


r mi a i*k 3 i*-\ 
L 4jr*/s Ih J 


+ log 16 


Also fiom considerations of Born’s cycle we get 
E\ = D+Iy—Q , 

and the lattioe energy <f>(r 0 ) is given by 

<H r o) — Q+Lmi 

where La/ w the heat of sublimation of Ml at the absolute zero. 


(7) 


(») 


( 9 ) 


(10) 


( 11 ) 

( 12 ) 


Apparatus. 

The demountable vacuum graphite furnace used in these experiments has 
been described in detail by M. N. Saha and A. N Tandon (1936) but the internal 
arrangement followed in the present work is slightly different from theirs and 
is shown in Fig. 1. The improvement consists m a device for applying a 
magnetic field to distinguish between the negative ion current and the electron 
current, and in the design of the auxiliary furnace. High temperature is 
produoed in the graphite tube F which is heated by a current of the order of 
a thousand amperes from a low-tension transformer. This tube has a fine 
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circular hole on one Bide while on the other side there is a conical cavity C in 
which a hollow conical plug P of graphite fits gas-tight. The tube was so made 



that its wall near the junction of the auxiliary furnace A was thicker on one 
side of the cavity than on the other so that the auxiliary furnace could be fitted 
gas-tight with the help of screw and collar arrangement. This furnace was 
thus pleated simply by conduction from the graphite furnace F so that by using 
tubes of different lengths and wall-thicknesses the desired temperatures could 
be obtained These were adjusted by trial. The auxiliary furnace is made 
thicker at the bottom where the salt is kept so that the temperature gradient 
in the neighbourhood of the salt is very small, while the nickel-nichrome 
thermocouple is inserted in the wall. The tube was easily constructed by 
boring it through and closing the bottom by a tightly-fitting plug. The tube 
could be readily replaoed by another without disturbing the graphite furnace 
itself Another advantage of this form of the auxiliary tube lies in the fact 
that the vapour molecules first impinge on the wall of the graphite furnace and 
thereby lose their mass velocity and afterwards move with the thermal velocity 
characteristic of the temperature of the fumaoe Care was taken to see that 
the salt vapour does not condense on the plug dosing the furnace F. For 
this purpose the plug was made hollow and long enough so that it projected 
rauoh beyond the damping carbon blooks and reached up to the junction of 
the auxiliary tube. The wall of the graphite furnace in the middle is so thin that 
an actual comparison of the temperature inside F as measured by a platinum 
platinum-rhodium thermocouple with that of the outer surface of F as measured 
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by a disappearing filament pyrometer showed no greater difference than the 
uncertainty in the pyrometer readings itself. Theoretical calculations from 
conductivity considerations also show that the difference would be negligible 
It was therefore negleoted. 

The vapour molecules suffer dissociation inside F according to the equations 
already given and the products of dissociation effuse out through the narrow 
orifice after which they traverse a magnetic field produced by two electro- 
magnets shown separately in Fig. 2 Those were constructed by winding 
several layers of bare copper wire over iron bobbins carefully insulated by mica 
and two such electromagnets were arranged on opposite sideB of the effusing 
beam. Suitable currents were passed so that the electrons were deflected and 
the negative ion current alone measured 

The rest of the arrangement is identical with that of Saha and Tandon 
The effusion beam is limited by a diaphragm D Behind this is a Faraday 
oyhnder connected to a sensitive galvanometer Suitable accelerating or 
retarding potentials can be applied between the Faraday cylinder and the limit- 
ing diaphragm m order to collect the ions of the desired charge 

Let the hole of the diaphragm be coaxial with the effusion hole If the 
diaphragm subtends a cone of semi- vertical angle 9 0 , then the number of 
particles effusing out through the hole of area S and passing through the 
limiting diaphragm is equal to 
c - oo e = e 0 

S j* j* n c dc . ^ sin 6 dd c cos 6 =» | wc 8 sin 2 6 0 m 1 nc S — , 

C m 0 9=0 


where r = radius of the diaphragm and d its distance from the effusion hole 
The galvanometer current 


l-o ' 2 
■i“ S « r -i+35- 


• ■ (13) 


But 

hence 


_ HkT 

n = pkT and c<m / , 

•V mn 

., epS r 2 
“ y/l mri? ' *■*+<** 


(14) 


(18) 


The equilibrium oonstant K 2 is therefore given by the relation 
Pm+Pi- 2 nkT (r*U*y Vi 

‘ ~lv r V*~) Pm ' / “* •- 

By combining this equation with (6) and substituting the values of the other 
quantities Q is found out. The various data utilized in this paper are giveif 
in Table 1. 
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Experimental technique 

First the graphite tube was thoroughly degassed by heating it at a tempera 
ture much higher than that at which the expeument is to be performed After 
prolonged degassing for several hours the behaviour of the tube became regular 
and the ion currents from the empty tube diminish to a negligible value At 
the temperature of the experiments about 1500° C the positive ion current 
is extremely small while the negative ion current though much greater is 
still much less than the current obtained when the salt is put in the furnace 
The following observations (Table 2) obtained with the tube near about the 
final state will give an idea of the currents in the blank experiment — 


Table 2 

Accelerating voltage— 2 volt* 

Sensitivity of galvanometer— 1 llx 10 • amp /mm 


Temperature 

ITT 

j Nkoative REFLECTION in kk 

POSITIVE DBFLBCTION IN MM 

Without magne 
tic field 

With 3 ampere* 
through electro 
magnet 

Without magne 
tio field j 

With 3 ampere* 
through eletro 
magnet 

1400 

3 

0 

0 

0 

1403 

20 

4 

1 5 

23 

1600 

44 

11 

35 

6 

1640 

80 

16 

6 

8 


It oan be shown from theoretical considerations that the deflection of the 
ion beAm under the influence of the magnetic field will vary as l/y/m Hence 
it will be greater for the lighter ion and by this means the electrons can. be 
deflected off while the heavier positive ion will be unaffected and can be 
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measured. Table 3 shows the effect of the magnetic field on the ion currents 
and amply bears out the theoretical prediction. 


Table 3. 

Accelerating voltage =2 volts. 


Temperature of 
graphite tube 

Current through 
electromagnet in 

Negativo deflection 

Positive deflection 

lfHMPO 

0 

44 

3 a 


1 

It) 

5 


2 

12 

ft 


3 

11 

5 


5 

11 

ft 


The observations clearly show that the negative current largely consists 
of electrons which are deflected off by the magnetic field and the current falls 
to about one-fourth of its value after which it is not further affected by the 
magnetio field Evidently the remaining part is due to negativo ions The 
positive current at first sbghtly increases and thereafter remains constant. 
In reality the positive ion current is not affected by the magnetic field, the 
slight increase initially observed is simply due to the fact that some of the very 
fast electrons which could overcome the retarding potential of 2 volts and 
roach the Faraday cylinder have now been deflected off by the magnetic field 
and the positive current therefore increases. 

It may be pointed out that the previous investigators have not used a 
magnetic field to distinguish between the electron and the negative ion current , 
and have assumed that the negative current is composed entirely of negative 
ions simply from the fact that the negativo current in the blank experiment 
is comparatively negligible. It will be observed that electrons are produced 
in the reaction itself (see equations 3 and 4) and therefore the number of elec- 
trons produced will be roughly of the same older as the number of ions; hence 
if during the reaction considerable number of M + and I ionB are produced, 
the number of electrons will also be appreciable That this is so is evident 
from our experimental results which show clearly that the electron current 
is much greater than in the blank experiment and is approximately of the same 
order as the other ion currents. 

The proper accelerating voltage necessary for the experiment was found 
out experimentally by trial. Theoretical calculations show that the ions 
issuing out of the hole have a mean kinetio energy of about 0-3 electron-volts. 
As quite a large number of ions have velocities much greater than this (iq fact 
they obey Maxwell’s distribution law and have all velocities) a retarding voltage 
of about 6 times this value may be sufficient Aotually in an experiment 
with lithium iodide the ion currents were measured with different voltages, 
without magnetic field and the results recorded in Table 4 were obtained, 
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Table 4. 

Accelerating or retarding 
potential in volte 

Negative deflection in 
nun, 

Positive deflection m mm. 

0-4 

17 

35 

05 

25 

56 

0-M 

35 

98 

0-8 

41 

100 

1 

59 

123 

1-3.1 

84 

141 

15 

97 

150 

2 

132 

180 

3 

140 

194 

4 

140 

204 

0 

158 

224 


By plotting the ourrent against voltage it is seen that with increase of 


voltage there is first a rapid increase in ourrent but in the neighbourhood of 
2 volts the inoreaee is very small and regular. The slight increase even after 
2 volts may be due to the electric lines of force penetrating the limiting 
diaphragm whose effect will be to produce a virtual inorease in the area of the 
diaphragm for larger voltages, or it may be due to the stoppage of the fastest 
ions of the opposite charge or both Evidently the latter effect is desirable 
but not the former. Hence it is not desirable to increase the voltage beyond 
2 volts. For these reasons and partly for the sake of convenience an accelerat- 
ing potential of 2 volts was used in our experiments. It may be remarked 
that by taking observations at 2 volts the uncertainty in the measurement 
of the ourrent is not store than 10% and the resulting error in Q is only about 
0-5% while a much larger error is possible due to uncertainties in the value of 
the vapour pressure as will be seen later. 

Henoe in our experiments the currents were measured at 2 volts with 
different magnetic fields and for purposes of calculation the constant values 
of the negative and positive currents were utilized It is evident from the 
observations that the magnetic field employed does not affect the ion currents 
but deflects only the electron current. 

The experimental results obtained with Rbl and Lil 1 are tabulated below. 
The Balts were supplied by Soherring-Kahlbaum and were extra pure and an- 
hydrous. Care was taken to fill the salts quickly and proceed immediately 
to ev&ouate the system since Lil is extremely hygroscopio. 

Rubidium Iodide. 

Diameter of effusion hole— 1-209 mm. 

Distance between effusion hole and limiting diaphragm— 1-8 cm. 

Radius of the limiting diaphragm— 0-42 cm. 

Accelerating voltage— 2 volte. 

Current sensitivity of galvanometer— H3x 10-® amp. /mm. 

1 Some observations with Lil were already taken by Dr. A. N. Tandon with the 
elder apparatus without the magnetic field device. 
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Kleotron affinity of iodine ™Z>+/ 3 /—Q» 76-7+96*0 — 99*1 ■■ 730 Koal. 
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Lithium Iodide. 

Accelerating potential *2 volte. 

Diameter of the effueion hole =»1 -209 mm. 

Distance between effusion hole and limiting diaphragm =1-8 cm. 

Table 6. 



« f Mean 129-1 Kcal. 

ttioe energy— 129-1 +38-7— 167 8 Koftl. 

Electron affinity of iodine— D+f^— Q— 81 -6+ 123-8— 129-1—76-3 Kcal. 


For calculating K % we require the vapour pressure of these salts in the 
solid state. Unfortunately this is not known. The few available data extend 
over a narrow region much above the melting point of the salt and cannot be 
safely extrapolated to temperatures much below the melting point. Even 
the speciflo heat data for these salts are not fully known, The only available 
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oourse is to calculate the specific heat of the salt by using a Debye term and 
an Einstein term and then to calculate the vapour pressure of the salt with 
the help of the following formula. 

-fsb+I f" fvr-iogo-, -/»>) 

Jo Jo 

+36 8I6+5 log ilf+log 7 + 6 0066 . . (16) 

This has been done for Rbl by using a single Debye term Calculation by this 
method gave a value for the vapour pressure differing only by about 16% 
with the extrapolated value as given by Helmholtz and Mayer In case of 
LiT, however, there was a large difference possibly due to uncertainties in the 
value of An For this reason the extrapolated value of 0 030 mm at the melting 
point as given by Helmholtz and Mayer was assumed and the following empirical 
formula was deduced to fit in with this result • 

log p (dynes) = - 13*4869 

The vapour pressure p of the salt in the graphite tube is given by p = p' \/ T/T' 
whore p' is the vapour pressure in the auxiliary tube and T' the temperature 
of the latter in "AT. The full Knudsen effect has been assumed lieie 

The dissociation constant K t was calculated witli the help of the equation 


K t 


<>*/?* y r 2 ) p 


y/TIT 


m r- 

mw v ” ' 


(17) 


and the value of Q was obtained from (6) From this the lattice energy <j>(r a ) 
and the electron affinity were calculated from equations (12) and (II) The 
data given by Helmholtz and Mayer have been generally utilised, the only 
exception being in the case of the heat of dissociation of Lil for which the 
value of 81 6 Kcal has been assumed which represents the mean of the three 
values 87 4, 82-0, 76-3 given in Landolt and Bornstein tables 


Discussion of Results 

It will be observed that in the case of Lil the positive current is in general 
several times larger than the negative ion current which is to be expected since 
the Li+ ion being 127/7 times lighter would effuse out \/ 1 27/7 = 4 3 times 
faster. The currents will however not be exactly in this ratio since the number 
of Li + and I ions inside the graphite tube will not be equal, being to some extent 
governed by the ionization potential of Li and electron affinity of I and the 
independent electron concentration (equations 6-9). In the oase of Rbl 
the masses of the two ions are not much different hence the two ion currents 
also do not much differ. 
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The values of the lattice energy of Rbl and Lil and the electron affinity of 
iodine calculated therefrom are recorded in Table 7, along with the results of 


t Tjlbl* 7. 



Lattice energy in 
kilocal. 

Electron affinity of 
iodine from lattice 
energy m kilocal. 

Electron affinity of 
iodine by other 
methods. 

Salt 

Theoreti- 

cal. 

By direct 
experi- 
ment 

Theoreti- 

cal 

By direct 
experi- 
ment 

By O. 
Olookler 
and M. 
Calvm 

ByP.P 
Sutton and 
J. E. 
flayer 

Lil.. 

174-1 1 

176-1* 

167-8* 

75-81 

73-1* 

76 3* 



Nal 

163- 01 

164- 3* 

166-4* 

73 91 

73 5* 

72-0* 

74 6*1-5. 

72-4*1-5 

KI .. 

150 81 
! 152 4* 

153-8* 
150 6* 

73 2» 
716* 

70-2* 

73 4* 



Rbl 

145-31 

1480* 

145 5* 

73 8» 

71 1* 

73 6* 



CW 

139-11 

142-5* 

1415* 

74-21 

70 8* 

71 8* 




other workers. It will be seen that the values are in good agreement with 
other determinations. The mean of our results for the electron affinity of 
iodine oan be put down as 74 9 Kcal. There are various sources of error in 
the experiment, the chief being the uncertainty in the value of the vapour 
pressure, the non-uniformity in the temperature of the graphite tube, the 
errQF.in the determination of temperature by the optical pyrometer, etc. The 
erroF&ue to all these causes is not likely to exceed ±3 kilocal. in the value of 
Q and the major portion is due to uncertainty in vapour pressure When the 
experimental data for vapour pressure in the solid state are known, this un- 
certainty can be avoided. 

We have remarked previously that electrons are present in the negative 
current and are defleoted away by the magnetic field. Thus by subtracting 
tl ^ negative ion current at say 8 amp. through the electromagnet from the 
total negative current without the magnetic field, the electron current oould be 
known. This point of view was further pursued. From the electron current 
the partial pressure of electrons inside the furnace was calculated. Again 
with the help of equation (8) using the value of £.x»>74 Kcal and p 7 , the partial 
pressure of iodine atoms inside the furnace was found. Then using (7) we get 

t In this table * stands for Helmholtz and Mayer (1932), * for Huggins (1937), 
• for Mayer (1930), * for Tendon (1937) and * denotes the values obtained in this paper. 
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the partial pressure p M of the alkali atom. Thus knowing the partial pressures 
of the electron, M atom and M + ion the equilibrium constant and the ionization 
potential of M were calculated The values so obtained for the various quanti- 
ties in the case of Rbl at 1390°C. are as follows p, — 1-69 X 10~* dynes/cm 2 , 
p Ni + b 5-88 X 10-* dynes, p f - = 6 49 x 10' 2 dynes, p { = 21 8 dynes, p m = 1 22 
dynes and p MJ — 7-32 dynes The ionization potential of Rb comes out to be 4 37 
volts which agrees very closely with the spectroscopic value Thus our view 
that a large number of electrons are present m the effusion stream has been 
completely justified. We have been able to calculate the concentrations or 
partial pressures of all quantities present inside the furnace and in fact any 
of the equations 6-9 can be experimentally tested by this method Incidentally 
it shows that the method is quite suitable for experimentally testing the ioniza- 
tion formula 

In conclusion I wish to express my sinceie thanks to Prof M N Saha, 
F R S , for his valuable guidance throughout the work Our thanks are also 
due to the Royal Society of London for giving a grant which enabled us to 
construct the furnace and buy its accessories 

Summary. 

The thermal dissociation of Rbl and Lil vapours into their ions has been 
experimentally investigated in the temperature region 1300-1500°C by an 
improved apparatus which enables separate measurements of the positive ion, 
negative ion and electron concentrations From these the equilibrium constant 
of dissociation at different temperatures is deduced A theoretical formula 
then enables us to calculate the heat of lomc dissociation of the salt, the values 
obtained being 99 1 Kcal for Rbl and 129 1 Kcal for Lil The lattice energies 
come out to be 145-5 Kcal for Rbl and 167-8 Kcal. for Lil. Using Bom cyole 
we get from these measurements the value of the electron affinity of iodine 
to be 73-6 and 76-3 Kcal, the mean being 74 9 Kcal These results are in good 
agreement with deductions from Born and Mayer’s theory and other experi- 
mental results. 
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Eighth Ordinary General Meeting. 

The Eighth Ordinary General Meeting of the National Institute of Scicik es 
of India was held m the Library Hall of the Indian Meteorological Department, 
Poona, on the 2i5th and 26th July, 1938, from 9am to 5 r m with an 
adjournment from 11 a.m to 3 f.m. on both the days 
The following Fellows were present — 

Prof M N. Saha, President, in tho chair. 

Prmoipal T 8. Wheolor, Additional Vice-President. 

Prof. S. L. Ajrekar. 


Mr. T. P. Bhaakara Shaatn. 

Dr. C. W. B. Normand. 

Prof. G. R. Paranjpe. 

Dr R P Paranjpyo 
Dr K R Ramanathan. 

Dr. L A. Rarndas. 

Prof. S. P. Agharkar, Honorary Secretary. 

Besides the Fellows there were about 45 visitors present. 

The following Fellows had intimated their inability to attend.— 

Dr. G. Bose. 

Prof. B. K. Singh 

1. The minutes of tho Third Annual General Meeting were road and 
confirmed. 

2 Dr. C. W. B Normand opened the Symposium on Weather Prediction. 
The following papers forming part of the Symposium wore lead and 
discussed — 

(1) Seasonal forecasting in India By Dr. S. R Savur 

(2) Franz Baur’s forecasts for 19-day periods. By Mr. S Basil 

(3) Air mass analysis and short period weather forecasts By Dr 

S N Sen. 

(4) Application of air mass analysis to the problem of forecasting ot 

nor’westers in Bengal By Dr S K. Pramanik. 

(5) Upper air data and weather forecasts. By Dr. K. R Ramanathan. 

(6) Latent instability in the atmosphere and its consequence. By 

Dr. N. K. Sur. 

(7) Rainfall due to winter disturbances and the associated upper air 

temperatures over Agra. By Mr. S P Venkiteswaran 

(8) Upper air data and weather forecasts. By Dr S. K. Pramanik 

(9) Weather forecasting for aviation with special reference to local 

forecasts. By Mr. P. R. Krishna Rao, 

(10) Kinematioal methods in weather forecasting. By Dr. S. K. Banerji. 
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An acoount of the discussion which followed the reading of the papers 
is being published together with the papers separately in the Proceeding a. 

With a vote of thanks to the chair the proceedings terminated. 

The officers of the Meteorological Department at Poona entertained the 
Fellows and visitors to tea at 5-15 p.m. on Monday, the 25th July, 1938. 



Ninth Ordinary General Meeting. 

The Ninth Ordinary General Meeting of the National Institute of Soienoes 
of India was held from 11 a. m. to 12 noon on Saturday, the 20th August, 1938, 
in the rooms of the Royal Asiatic Sooiety of Bengal 
The following Fellows were present : — 

Prof M N. Saha, President, in tho chair. 

Prof. S R Bose 
Dr B N Chopra 
Dr. Gilbert J. Fowler. 

Prof. J. Ghosh. 

Prof P N. Ghoih 
Dr B S Goha 
Dr S.L Horn. 

Dr P. MrtheHWHri 
Prof. 8 K. Mitra 
Dr. B. Proshad 
Dr. H. Srituvasa Rao 
Dr. A. C Ukil 

Dr A M Heron ) „ „ , 

_ „ _ — » u , f Honorary Secretaries 
Prof S. P. Agharkar ) 3 

The Minutes of the Eighth Ordinary General Meeting were road and 
confirmed. 

The following papers were read and discussod — 

(1) Notes on Vrodonburgite (with Devadite) and on Sitapanto. By 

Sir Lewis Fermor. 

(2) The Role of Nitrogen Compounds in tho Fermentation of Fruit 

Juioes. By Mr. N. N. Chopra, 

(3) A Bioohemioal Investigation of the tuberculation of water pipes. 

By Mr. S. C. Pillax. 

(4) On the Ionization of the Upper Atmosphere. By Prof. M. N. 

Saha and Mr. R. N. Rai. 

(5) Levi-Civita’s Formulae for two bodies. By Sir S. M. Sulaiman. 


With a vote of thanks to the ohair the proceedings terminated. 




Tenth Ordinary General Meeting. 

The Tenth Ordinary General Meeting of the National Institute of Sciences 
of India was held at Bombay on the 26th and 27th September, 1938. In con- 
nection with the general meeting a Symposium on the ‘Recent work on the 
Synthesis of Naturally Ocourrmg Substances’ was held and three pubho 
lectures were given by scientists 

The following fellows were present : — 

Prof M. N. Saha, President, in the chair. 

Dr T S Wheeler, Additional Vice-President 

Dr N Ahmad 

Prof P R Awati 

Dr S K Banoiji 

Prof J. 0. Ghosh 

Dr P C. Guho 

Prof K. G Naik 

Dr. C. W. B. Norm and 

Prof. G. R Paranjpe. 

Prof M. Prasad 
Dr K R Ramanatlian 
Prof J N Roy 
Lt -Col. S S Sokhey. 

Prof 8 P. Agharkar, Honorary Secretary 

Besides the Fellows, there were about 60 visitors present. 

1. The minutes of the Nmth Ordinary General Meeting were read and 
confirmed 

2. The Chairman announced the names of the following newly elected 
Ordinary Fellows and Honoiary Fellows. — 

Ordinary Fellows. 

Prof. 8. C Dhar 
Prof R. Gopala Aiyar 
Mr D. Hendry. 

Dr A C Joshi. 

Dr N. K Sur 

Honorary Fellows. 

Prof. F O. Bower. Prof. J Perrin. 

Sir Arthur Eddington Sir John Russell. 

Brigadier 0. G. Lewis was proposed for election as an Ordinary Fellow 
of the National Institute under Regulation 12 regarding the election of Ordinary 
Fellows. 

The Symposium was formerly opened by Mr. V. N. Chandavarkar, Vice- 
Chancellor, Bombay University, in the Sir Cowosji Jehangir Hall, Bombay 


Mr. J. B. Auden. 

Dr N. K Bose 
Dr. J. K Chowdhury 
Dr, H Crookahank. 
Captain 8. C. A. Datta. 
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University, and the following papers were read in connection with the Sym- 
posium in the premises of the Royal Institute of Soienoe: — 

1 . Some recent developments in the study of the constitution of natural 

products. By J. N. Ray. 

2. History of researches m Organic Chemistry in India. By P. C. 

Mitter. 

3. Synthetic investigations on Bioyolic TerpeneB. By P. C. Guha. 

4. Synthesis of Coumarins and Chromonee. By D. Chakravarti. 

5. New Synthetical methods in Coumarin Chemistry. By R. C. Shah 

and Collaborators. 

6. The Structure of Rottlerin. By K. S. Narang, J. N. Ray and B. S. 

Roy. 

7. Synthetical experiments in the Flavone and Isoflavone groups. 

By K. Venkataraman. 

8 The colouring matter of the yellow flowers of Thevetxa Nerifolia 
(Apocyanacffi). By R. D. Desai and S. Zafaruddin Ahmad. 

9. Attempted synthesis of oroxylin-A, and the Synthesis of Wogonin. 

By R C. Shah, C. R. Mehta and T. S. Wheeler. 

10. Synthesis of some naturally occurring Flavones from Chalkones. 
By T. S. Wheeler and Collaborators. 

The following public lectures were delivered in the Sir C. J. Hall, Bombay 
University: — 

1. How Chemistry can help Indian Industries. By S. S. Bhatnagar. 

2. Poisonous Chemicals in Modern Warfare — Anti-gas Defence 

Measures. By J. C. Ghosh. 

3. Geography of Space. By M. N. Saha. 

The Fellows were entertained to lunoh by the local Fellows on both the 
days of the meeting. Khan Bahadur Dr. A. K Turner entertained the 
Fellows to tea on the 27th September, 1938. 

Fellows and visitors visited the Department of Chemical Technology of 
the Royal Institute of Science, Bombay. 

The proceedings of the Symposium are being published separately in the 
Proceedings. 

With a vote of thanks to the chair the proceedings terminated. 
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Symposium on River Physics. 

General Introduction. 

In pursuance of its general objective, a symposium on the problems of 
Indian Rivers was organized by the National Institute of Sciences of India 
during the Silver Jubilee Session of the Indian Science Congress and was held 
at the Senate House, Calcutta University, at 1-30 p.m. on the 9th January, 
1938, The object was to invite the attention of the Government of India and 
of the Provincial governments to the urgency of investigations carried on 
proper scientific lines on Indian Rivers 

The Presidential Address was confined to a preliminary survey of the 
problems and emphasized the importance of rivers not only to the agricultural 
life of India but also to their prospective value as sources of power, which is 
so important for the industrialization of India. It further emphasized on 
the action of rivers on the level of cities situated on their banks and drew 
pointed attention to the destruction of many famous ancient cities like 
Pataliputra and Gour due to uncontrolled nver actions. The case of Calcutta 
in recent times which is experiencing increasing drainage difficulties was 
discussed. The importance of starting Hydrological Laboratories with proper 
equipments was emphasized. 

The address of Mr. D. N. Wadia of the Geological Survey of India dealt 
with the general geological history of rivers of India and with tectonic move- 
ments m the crust which have led to widespread changes in the nver systems 
of India within geological times and also in most recent times such as the 
oapture of the Tsan*po of Tibet by the Brahmaputra. Dr. S. L. Hora’s address 
was oonfined to the analysis of river origins from the evidence of nver fauna 
and also supported the theory advanced by the Geological Survey of India 
regarding river ohanges in India Mr. G. Lacey dealt with the flow of water 
in alluvial canals, a problem necessitated from actual experiments on flow 
of water through canals in the United Provinces and the Punjab. It 
described the results of the experiments oarried out at the Hydrodynamical 
Laboratory at Roorkee and gave a critical review of the empirical formulae in 
use in other countries, formulae discovered by him, as well as an acoount 
of his particular theories. Mr. C. G Inglis, Director of the Hydrodynamical 
Laboratory at Khadakvasla, Poona, dealt with the subject of hydrodynamical 
researches by means of models, and their interpretation. Mr. S. C. Majuipdar 
gave a comprehensive survey of the problems of river flow in Bengal Dr. 
N. K. Bose gave an account of the work done in foreign hydrodynamio 
laboratories. The symposium thus represented views on the problem of Indian, 
Rivers from diverse standpoints and is likely to be of great use to the oountry. 
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In reoent yean all countries have awakened to the importance of the 
problems of water conservancy and control of water resouroeB. The National 
Resources Committee of the United States Government, the membership of 
which includes the" secretaries for the interior, for work, for agriculture, for 
oommeroe and for labour, has recently issued an important document on drain- 
age basin problems and programmes, which has been prepared by the Water 
Resources Committee with the oo-operation of Local, State, Regional and 
Federated organizations. It is a comprehensive review of suggestions emanat- 
ing from 45 drainage basin oommittees, themselves nominated by governments 
of States and state planning boards including men from interested federal 
btireaus. The report deals with questions of flood control, irrigation, use of 
water power, navigation, soil conservation, erosion control, pollution, etc The 
Indian Rivers present problems which are of as wide vanety as their counter- 
parts in the United States. It is, therefore, hoped that the publication of 
the symposium which the National Institute had organized would focus the 
attention of the Government of India and the Provincial governments on this 
very important problem and induoe them to adopt the measures advocated 
by the various speakers. ■ 



THE POST-TERTIARY HYDROGRAPHY OF NORTHERN INDIA AND 
THE CHANGES IN THE COURSES OF ITS RIVERS DURING 
THE LAST GEOLOGICAL EPOCH. 

By D N. Wadia, M A. t B Sc , F O.S , F R O.S., FRASB. 

( Read at Symposium, January 9, 1938 ) 


Few changes in the physical geography of India during early historical 
times and in the suh-Recent geological age have been so well proved as changes 
in the nvor systems of Northern India Following the great geographical 
revolutions of the late Tertiary ages, the old drainage-lines of Northern Tndia 
have been radically altered and an entirely new system superimposed The 
number, volume and direction of the majority of the units of this drainage 
bear evidences of these changes which in some instances amounted to a com- 
plete reversal of the direction of flow of a principal river such as the Ganges 

An important question m the investigation of the past hydrography of 
Northern India is the date of disappearance of the last 
^JVhether^ ^the remneint Q f ^ho sea from the plains tract of Hindustan 
an Island. proper. Whether, if ever, the Deccan was an island, 

subsequent to the Eocene, with a coast-line represented by 
the rocky islands and promontories of Cuteh, Rajputana, Delhi, Bundelkhand, 
Rewa, and Rajmahal, is impossible to decide because the desert sands and 
river alluvia have completely buried thousands of square miles of rocks along 
this border since that age The Cretaceous sea of Western India (Bagh epoch), 
south-west of Rajputana, was only a narrow inlet, and probably did not extend 
as far as Jubbulpore, while the Eocene sea, though spread over a wide expanse 
of Rajputana, did not go further east than Longitude 74°. 

The Eooene sea of Assam was only a surviving gulf of the Cretaceous 
Arakan sea and was a short-lived feature, being superseded in the early Miocene 
by "the rivers of Assam These two marine inlets — the Bagh sea and the 
Assam sea — however, had no connection with each other or with the Himalayan 
Nummulitio sea to the north. There is a strong probability, therefore, that 
even during the Mesozoic the Deccan was an integral part of the Indian 
mainland. 

The drainage pattern of Peninsular India is of very high antiquity and 
has persisted more or less unchanged sinoe early Gondwana 
Tta# Indo-Gan- erft Q n the 0 ther hand, the northerly drainage of the 
posed drainage. ” Deccan, flowing to the shores of the Tethys in Gondwana 
times, was completely disorganized in the beginning of 
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the Tertiary, and subsequently during the late Tertiary and post-Tertiary 
all its main lines were buried under the 200 miles wide belt of alluvial 
deposits derived (from the northern highland) from Sind to Manipur. The 
present valley-system of Northern India, one of the youngest hydrographio 
systems of the world, has inherited nothing from the old, it being an entirely 
superimposed drainage with no relation whatever to the old river-oourses. Only 
a few vestiges of the deposit of the old Gondwana rivers flowing from the 
south are preserved in the Salt Range, Kashmir, the Simla hills ( ? Infra-Krol 
group), Nepal, Sikkim and Bhutan, in most of which the fortunate ooourrenoe 
of fossil plant remains of the type of Qangamopteris and Olossoptens enable a 
correlation to be established between these isolated extra-Penmsular outcrops 
and the chains of Gondwana basins in oentral and south-eastern India, across 
the Gangetio plains. 

The survivors of the Gondwana rivers, after the total submergence of 
Western Decoan under the lava eruption of the Deccan trap epooh, persisted in 
their northerly flow probably till the Miooene. This is an assumption plausibly 
inferred from the occurrence of the wide belt of the conspicuously ferruginous 
Murree series of deposits in the Punjab sub-Himalayas. On several grounds 
the Murree sediments are believed to be derived from the Deccan terrane, » e 
from the great iron-bearing Arch® an and Purana systems of Rajputana and 
Baghelkhand, and their ubiquitous laterite cap, rather than from the newly 
upheaved Himalayas. 

IT. The Great Prehistoric River op Northern India— the Indobrahm. 

The nver-changes of Northern India can conveniently be classified into (i) 
Prehistoric and older, and (ii) Recent and historic. The most notable among 
the prehistoric rivers of India was a great north-west flowing river — the 
sucoesBor of the Nummulitic gulf which stretched from the head of the Sind 
gulf to the Punjab and thenoe along the foot of the embryonic Himalaya chain 
through Simla and Naini Tal to Assam. As this gulf slowly receded, with the 
continued uplift of the mountains, it was replaced by the estuary of a mighty 
river which came into being at this stage and whioh, Binoe then all through 
late Tertiary, times, must have carried the combined discharge of the 
Brahmaputra, the Ganges and the Indus river to the retreating head of the 
Sind gulf. From this circumstance the nver has been named Indobrahm by 
Sir Edwin P&scoe. G. E. Pilgrim who independently postulated, from his 
study of the Siwalik system, a river of very much the same description has 
Th rivsr of 0a ^ 8t * ^ Siwalik River. The great system of river 
PMatocene'tlme deposit*, designated as the Siwalik system, which is such 
a remarkable feature of the mid-Tertiary and post-Tertiary 
geology of Northern India, was built up in the valley-bed and flood-plains 
of this river. The Siwalik outcrop stretches across the whole breadth of India 
in a steadily widening ribbon fringing the foot of the Assam, Nepal, Kumaon 
and Punjab Himalaya and thenoe southwards constituting the wide piedmont 
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FlO 1. 

halls zone of Derajat, Baluchistan and Sind At the end of the Siwalik 
epoch an uplift of the ground between Hardwar and Bikaner disconnected the 



Fio. 2. 
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Indus system from the Ganges portion of the Indobrahm, thus splitting up 
that river into two separate drainage basins. The Ganges part, having its 
outlet blocked to the west, was forced to find an outlet, after reversing 
its direction, across the now levelled plains to the Bay of Bengal. The 
Brahmaputra, then a much smaller nver, was diverted from its westerly 
course by a small Bengal river, such as a branch of the Meghna of to-day, 
which by vigorous head-erosion cut out a passage across the low hilly country 
connecting the Rajmahal and Garo hills, ultimately succeeded in truncating 
the Brahmaputra and deflecting its waters along its own channel to the Bay 
of Bengal. We cannot here enter into the details of these processes of reversal 
or capture of rivers, nor quote the voluminous evidence for these apparently 
sweeping statements regarding the ancestry of the three great rivers of Northern 
India, but the events here related are authenticated and their evidence dealt 
with at length in the literature cited at the end of this paper. 


m River Changes during Historic Times in the Punjab 
and Sind. 

There are pointed and persistent references in the Vedas about a large 
and important river, named Saras wati, flowing through 
rfver what is at present an and tract of the Indo-Ganges water- 

shed between the Jumna and Sutlej (the land of Kuru 
and Sthaneshwar). These references, manifestly based on observed facts by 
the early Aryans soon after their migration from their Central Asian home, 
demand a large change in the hydrography of the eastern Punjab at a date 
so late as the days of Manu. Modern geography can only explain the 
existence of this river by a westerly deflection of the Jumna, either the 
entire body or a large part of its waters, and its discharge into the sea either 
directly, or through the Indus along the now deserted channel of a large 
river flowing through south-east Punjab and eastern Sind, variously named 
as the Ghaggar, the Hakra or Sotar. The Jumna, it ib probable, must have 
flowed sometimes into the Ganges and sometimes into the Indus system. 
The very name Jumna (Yamuna) suggests a river striking out a new course 
for itself to join a well-known stream and thus acquiring a new name. A 
well-known parallel example is that of tho Brahmaputra, acquiring the name 
Jumna, while it changed its course suddenly, a century or so ago, to the 
west of the Madhupur elevation to join the Ganges. Again, the popular 
tradition among the Hindus that the Saraswati joins the Ganges at Prayag 
is helpful as suggesting a final eastward oscillation of the channel and breaking 
away onoe for all from the Ghaggar. 
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The second great alteration in Punjab hydrography within the last few 
oenturies, in fact since the XIII century, is the total desioca- 
The Hakra, ^ l0n 0 f ft river which carried a considerable stream of water 
losTriver'of the “ ^ ate M XI an( i XII centuries for a distanoe of over 
Indian desert. 600 miles, and which was designated under the varying 
names of the Hakra, Sotar, Wandan, Wahmd. This river 
flowed from the Himalayas through the eastern Punjab and Smd to the Rann 
of Cutch, then an inland sea ; its southern portion (through Sind) has been 
identified with the present dry bed of the Eastern Nara of Smd It is now 
more or less conclusively proved that the Eastern Nara is not the old bed of the 
Indus deserted owing to the westering tendenoy of that nvor On the other 
hand, historic facts and traditions suggest that the Sutlej was not a tributary of 
the Indus, but pursued an independent course to the sea in the days before the 
Mohammedan conquest of the Punjab This is proved by many allusions in 
the old Greek chronicles (Ptolemy and the historians of Alexander’s court) 
In these chronicles the Biyah (Beas) is the mam river referred to as the eastern- 
most tributary of the Indus. It was only at the time of the Arab invasion 
(Xlth Century) that the Sutlej became confluent with the Beas and flowed 
down the latter’s channel, deserting its own bed (the Hakra, Sotar, Wandan, 
etc.), well-preserved remnants of which for hundreds of miles can still lie 
traced in the sandy plains between Sirsa and Umarkot. The present dry bed 
of the Eastern Nara from Umarkot downwards, which in the Xlth Century 
was known to be occupied by a large volume of flowing water, is thus no other 
than the southern portion of this ‘lost river’ of the Indian desert — the old 
Sutlej 


The Punjab portion of the Indobrahm has disappeared almost completely 
through the drastic mutilation of its trunk piece by pieco. 
le Th * reUcofthe ^is P° rt * on t^e Indobrahm, west of the Jumna, was 
Indobrahm subjected to repeated beheading or truncation by the 

transverse streams of the southern Punjab, the predecessors 
of the present Sutlej, Beas, Ravi, Chenab, Jhelum and Indus The only part 
6f the broad but deserted channel that is recognized to-day is the valley 
occupied by the insignificant stream of the Soan — a river that is obviously 
a misfit, being out of all harmony with its great basin and the enormous 
system of alluvial deposits with which its bed is encumbered 

All the Punjab rivers have again and again shifted their ohannels. The 
Chenab met the Indus at Uoh in the XVIth Century, now the confluence takes 
place at Mithan Kot, 60 miles downstream. Multan was situated on two 
islands in the Ravi; now the river is 36 miles from Multan. The present union 
of the Sutlej with the Beas took plaoe only some 200 years ago. In doing so, 
the Sutlej abandoned a stretch of its bod 600 miles long, leaving it empty 
and dry for the greater part of the year, thus adding to the desiccation of the- 
eastern and southern Punjab. 
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The obliteration of the Sind Golf by the southward migration of the 
delta of the Indus, the Mihran of the old geographers, 
^TtarDwrt** ** somewhat higher antiquity. The plains of Sind have 
since then originated by the sweeping oscillations of the 
lower Indus, which has wandered over a wide strip of country east of the 
Kirthar hills. The bed and banks of the Indus (as is the case with all rivers 
carrying a high proportion of suspended silt) are at a higher level than the 
surrounding terrain, a feature which greatly aids in the budding of wide 
alluvial plains. Intimately connected with the pulsations of the hydrography 
of Sind is the growth of the desert of Thar lying between the Aravallis and the 
Indus basin. This desiccation, due probably to the retreat of the inland sea 
of Cutch and the withdrawal or deterioration of river-action of the easterly 
affluents of the Indus, commenced only about 2000 years ago. Chronicles of 
date before the Christian era, as well as some vestiges of towns buried in the 
sands, testify to the gradual desiccation of this once fertile oountry. 


IV. Changes in the rivers of Bengal. 

Alterations in the drainage of Bengal are comparatively of a minor nature 
and of less importance. Southern Bengal has been reclaimed frte©; the sea 
at a late date in the history of India. The rapid southward advance of the 
Ganges and Brahmaputra delta, by the enormous amount of silt (daily rate, 
960,000 tons by the Ganges and over 100,000,000 tons by the Brahmaputra) 
poured into the head of the Bay of Bengal is inferable from reliable data 
James Fergusson has stated that only 5000 years ago the sea washed the 
Rajmahal hills and that Sylhet was a lagoon of that sea According to him, 
about 3000 B.C., the time of the advent of the Aryans, 
"rr qis r 1 -- °nly practically habitable part of the alluvial plains 
of India was the portion between the Sutlej and the Jumna 
area drained by the Saraswati and the Markanda. The sea, or rather the 
tide, was then at or near Rajmahal and a large part of the province of Bengal 
was a lagoon. This was gradually silted up, and as more land beoame habitable, 
the great oities of Aryavarta on the Ganges valley came successively to be 
established. Hundreds of square miles of the Ganges delta have become fit 
for man’s occupation only since Major Rennell’s surveys (».e. 1780-90), as 
his maps of old Bengal prove. The site of a oity like Gour, the ancient oapital 
of Bengal, beoame desiccated enough to be habitable only about 1000 years 
ago. Fergusson’s dates may not be exactly true, but they are highly suggestive 
and point to an important principle in the shaping of a land-mass by the 
interplay of some geographical factors, 

The diversion of the Brahmaputra to the east of Madhupur some oenturies 
ago and its later deflection again to the west in the middle of the XIX Century 
to * well recorded event. This diverted portion which broke away from its 
oourse to join the Ganges was named Jumna (Yamuna). Comparatively 



AND CHANGES IN ITS BIVHB3 CUBING THE LAST GEOLOGICAL EPOCH. 393 


minor events are the oscillations of the Ganges and Brahmaputra channels 
during the last few centuries and the struggle that is going on between them, 
each tending, by the deposition of its copious silt, to raise its channel and its 
banks and thus to push the other back. After their fusion, near Goalando, 
these combined streams (now called the Padma) are depositing their load 
of silt on the eastern sea-face of the delta, which is changing at a rapid rate by 
the formation of new ground and new islands, while the western portion of the 
deltaic coast-line has remained practically unchanged since the surveys of 
Rennell in the 1770’s. 

The easterly deviation of the Teesta from the Ganges system to join the 
Brahmaputra is a still later event, but has considerable significance as indicating 
the behaviour of streams on alluvially aggraded plains with a level surface. 
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Introduction. 

In an earlier article on the ‘ Geographical Distribution of Indian Freshwater 
Fishes and its bearing on the Probable Land Connections between India and 
the Adjacent Countries’ (Hora, 1937a) attention was directed to the fact that 
the distribution of the freshwater fishes which are generally restricted to the 
water courses in which they live constitutes an important criterion for the 
elucidation of the pal&ohydrographical features of the main land masses. 
Evidence was also adduced to show that the present-day freshwater fish-fauna 
of India is, in the main, derived from the South Chinese and the Indo-Chinese 
territories and that its spread south-westwards may have been facilitated in the 
initial stages by the Cretaceous buckling that produoed extensive valleys and 


1 Published with permission of the Director, Zoological Survey of India. 
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later, probably from the Quarternary to the Recent periods, by a series of 
extensive river-captures (Gregory & Gregory, 1923, Gregory, 1925) in whioh, 
as a rule the rivers on the west beheaded the rivers on the east thus trans- 
ferring bodily the fauna of the latter into that of the former, but not in the 
reverse direction. 

Structure of India. 

In studying the geographical distribution of the freshwater Ashes of India, 
both fossil and recent, it is well to bear in mind, that geologioally speaking, 
India proper is composed of three distinct units (text-Ag 1) whioh differ 
greatly both in their physical features and geological history. The Arst division 
comprises the triangular plateau of the Peninsula, including the island of 



Ceylon, it has mostly been a land area ever since the Cambrian period. The 
second division consists of the mountain region whioh forms the boundary 
of India on the north-west, the north and the north-east, it is known as extra- 
Peninsular India. This region was under the sea for the greater part of its 
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history and became dry land probably during the Tertiary period. The third 
geological division of India comprises the great Indo-Gangetic Plain which 
separates the Peninsula from the extra-Pemnsular India; it extends from the 
valley of the Indus m Sind to that of the Brahmaputra in Assam. Its forma- 
tion is attributed to the orogemc movements that resulted m the uplift of the 
Himalayas into a mighty mountain range, for it is believed that this area m 
the pre-Tertiary or early Tertiary periods formed a part of the Peninsula 


Drainage of the Peninsula 

In view of what is stated above, it is to be expected that the earliest 
records of the Indian freshwater fishes should be looked for in the region of the 
Peninsula. Unfortunately in this region the greater part of the palaeonto- 
logical evidence is obscured by the overlying traps (text-fig 2) A certain 
amount of material is, however, avadable and this enables us to locate with 
some confidence one of the earliest drainage channels of India. So far as I 
am aware, the earliest known fossil-remains of Indian freshwater fishes are 
found in the Kota-Maleri deposits of the Upper Gondwana period 1 * * From 
these rocks three species of the Dipnoan genus Ceratodua 
from* 8 * 1 u ^ a881z an ^ 111116 species of the Ganoid fishes of the genera 

Gondwanas P ** " * Lepidotus Agassiz, Tetragonolepti Bronn , and Dapedms 
de le Beche have so far been described. The absence of 
any type of Teleostei during this period is not a matter for surprise, for it is 
known that 

'None of the bony fishes became large-headed and short bodied until the latter 
part of the Cretacoous Period, and no sedentary types arose until the Eocene Nearly 
all the Cretaceous forms aro, in fact, still very primitive and generalized evon fishes 
bo obviously Chirocentnd as Portheus, for example, exhibiting a combination of 
characters unknown m any ono modern family, wbon the osteology is examined in 
detail In the obscure interval between the Cretaceous and the Eocene Periods, 
howover, nearly all the modem types of bony fishes originated, and most of those 
of the early Tertiary formations are only of interest to the geologist on aocouut of 
their geographical range’. (AS Woodward, 1915) 

Both Maleri and Kota are small villages in the valley of the Godavari 
(text-fig. 2), which contains a very large area of the plant-bearing series of 
rocks, known as the Gondwana System. According to Blanford (1878), ‘Beds 
of this series extend continuously from about 60 miles south of Nagpur to the 
neighbourhood of Ellore, a distance of 286 miles. Both Upper and Lower 
Beds are found in the Valley.’ As the greater portion, if not the whole, of the 
Gondwana system of rocks had accumulated in a great river valley or series 


1 Reoently doubts have been expressed regarding the age of these beds. Hitherto 

they have been regarded as Mid- to Upper-Jurrasio, but Lower Cretaceous affinities have 

recently been advocated for them. 
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of river valley*, it is probably safe to assume from the occurrence of the 
Dipnoan and Ganoid fishes in the Kotah-Maleri beds that a large river of that 
period flowed in a part of the present valley of the Godavari. 



bearing beds of India. 

Location of beds marked by Mr H Crookshank and the probable area of the 
Deooen Trap by Mr D. N. Wadia 

From the geological history of the Dipnoan and Ganoid fishes it seems 
probable that they originated in North Eurasia or North Americja during the 
Carboniferous period. Their occurrence in the Kotah-Malen beds indicates 
that during the Upper Gondwana period there must have been a land connection 
between India and the continent of Eurasia to permit the migration into 
India of the Dipnoan and Ganoid fishes which spread to Australia, Africa and 
South America about the same period. During the Cretaceous period there 
were two such connections, one towards the north-east over Assam and Upper 
Burma and the other towards the north-west over Afghanistan. From a con- 
sideration of the distribution of the Lower Gondwana sediments it seems 
probable that the drainage of the Peninsula was north-westwards and this 
fact lends great support to the belief in a great mountain tract along the coastal 
tract of the east coast of the Peninsula. About the drainage of the Permian 
jjeriod Fox (1937, p. 513) remarks as follows:— 
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“ Judging from the distribution of the Lower Gondwana sediments of the Penmen 
period the drainage of this upland region 1 was northward Thore appears to have 
been one wide basin trending northwards up the present Godavari valley towards the 
Satpuras and having an outlet towards Rajputana Another drainage area extended 
from near Cuttack hofth-westwards up the Mahanadi valley of today into Rewa 
where marine beds occur. A third area appears to have been eastwards into Bengal 
and north-eaatw&rds to the Eastern Himalaya where marine conditions were 
present.' 

The third area, which encompassed within it the Son Valley and the 
Damuda Valley, the Rajmahal Hills, and the Gindin coal field, was by far the 
most extensive and probably received the drainage both from the north and 
the south (the Bay of Bengal being then a land area). It was probably along 
the northern tributaries of this basin that the Dipnoan and Ganoid fishes 
entered India and spread to the valley of the Godavari along the ooostal 
Gondwana basins. There are at present no traces of the drainage of that 
period from the north, but it has to be remembered that practically tho whole 
of the geological evidence in this region is obscured by the alluvium of the 
Ganges and the Brahmaputra, and by the uplifted Himalayas and the associated 
hills. 

According to their age, we have now to consider the freshwater fishes 
that are found as fossils in the infra- and inter-trappean 
Foasll Fishes of the Peninaula. These beds were probably laid 

from Infra- and ^ QWn j n t ^ e Eocene period (Hora, 1938), whioh witnessed 
lnter-trappeans. 1 

a great volcanio outburst; the resultant lava flows co- 
vering the greater part of the Peninsula (text-fig. 2). The fish-remains 
(Hora, in press), mostly fragmentary have been found in the Lametas at 
JDongargaon, Dhamni and Phisdura, and in the inter-trappeans at Deothan, 
Kheri, Takli, Paharsingha and Kateru. From the mfra-trappean beds two 
Ganoids, Lepidoateua Lac6pdde and Pycnodua Ag., one primitive Serramd, 
Eoaerranua Smith Woodward, and Clupea Linn., have so far been discovered. 
From the inter-trappean beds smaller scales of Lepidoeteua and Clupea, a 
Cyprinoid and a great variety of modern Aoanthopterygian fishes have been 
described (Hora, in press). A careful study of these fossils and the location 
of the beds leads one to the conclusion that in the pre-trappean penod the 
main features Of the land surface had not undergone any very great ohange 
sifioe the Upper Gondwana period, — a deep river flowed in the basin of the 
Lower Godavari and drained north-westwards towards Rajputana. The fact 
that remains of Clupea, are found at Dongargaon ahd Dhamni shows that the 
Tethys Sea or an arm of it was not very far from these beds. Even the sub- 
sequent flows of lava, that resulted in the formation of the Deeean trap, did 


l From the northwards working of the ioe sheet during the Gondwana ioe-age it if 
believed that the Peninsula of India 'was part of a very elevated country which included 
what is now the Bay of Bengal' (Fox, he. oii.). 
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not effect the drainage of the Peninsula 1 to any great extent. From the small 
size of the Lepidotk.ua scales found at Kateru and Paharsingha, of the Clupm 
scales found at Deothan and Kheri, and from the nature of the Acanthoptery- 
gian fishes of the families Polyacanthidse, Serranid*, Nandidw and Pristole- 
pidse it is safe to assume that after the lava flows the old basin became shallow 
and that definite estuarine conditions had beoome established near Deothan 
and Kheri. This conclusion is also supported by Sahni (1034) from the occur- 
rence of the Nepodxtea palm, a typically estuarine genus, in the inter-trappean 



beds at Chindwara. From the above it is clear that even during the inter- 
trappean periods the drainage of the Peninsula was towards north-west. The 
Narbada and Tapti rivers were probably non-existent at that period (Crook- 
shank 1936, pp. 264, 381). The appearanoe of the new fauna of bony fishes 
and especially the presenoe of an Osteoglossid fish, both types having marked 

1 In this oonneotion reference may be made to Fermor and Fox’s article on the Deccan 
trap flows of Linga in which they state as follows : — 

‘The relief of the surface at the olose of the eruption of the first flow would thus 
tend to be a faint oopy of the pre-trappean relief, and denudation acting during a 
prolonged Inter-trappean interval would accentuate this relief, the tendency being 
thus for a perpetuation of the pre-trappean drainage lines.’ 
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affinities with the Malayan fauna, in the inter-trappean beds show that the 
Indian rivere must have had some connection with the drainage channels of 
the Far East, probably similar to those described above (p 398) during the 
Upper Gondwana period. 

At what period of the geological history of India this north-westerly 
drainage of the Peninsula became reversed it is very difficult 
dr'aTna** 1 of Wadia (1938, p. 388) has directed attention 

Peninsula *° th® wide belt of the conspicuously ferruginous Murree 
series of deposits in the Punjab sub-Himalayas and conclud- 
ed that ‘The survivors of the Gondwana rivers, after the total submergence 
of western Deccan under the lava eruption of the Deccan trap epoch, persisted 
in their northerly flow probably till the Miocene.’ It is highly probable, 
therefore, that the northerly drainage of the Deccan, flowing to the shores of 
the Tethys in the Gondwana times, became disorganized towards the late 
Tertiary or post-Tertiary periods. Owing to the present-day pronounced 
easterly trend of the mam channels of the Peninsula and to the exceptional 
behaviour of the Narbada and Tapti rivers (text-fig. 3) several hypotheses have 
been put forward to account for these anomalies. 

Wadia (1926, p 17), commenting on the present easterly drainage of the 
Peninsula, draws attention to two main hypotheses: 

‘One supposition regards thus fact as an indication that the present Peninsula 
is the remaining half of a land mass, which had the Ghats very noar its centre as its 
primeval watershed This water -shed has persisted, while a vast extension of the 
country west of it has been submerged underneath tho Arabian Sea. Another view, 
equally probable, is suggested by tho exceptional behaviour of tho Narbada and 
tho Tapti These rivers discharge their drainage to the west, while all tho chief 
rivers of the country, lrom Cope Comorui thiough the Western Ghats and the 
Arovallis to the Siwalik hills near Hardwar (a long water-shed of 1 700 miles) all run 
to the east This exceptional circumstance is explained by the supposition that the 
Narbada and Tapti do not flow in valleys of their own eroding, but have usurped for 
their channels two fault-planes, or ciaeks, running parallel with the Vindhyas These 
faults are said to have originated with the bending or ’sagging’ of the northern part 
of the Peninsula at the tune of the upheaval of the Himalayas as described before 
As an accompaniment of the some disturbance, the Peninsular block, south of the cracks 
tilted slightly eastwards, causing tho eastern drainage of the area ’ 

From what has been stated above regarding the estuarine nature of the 
fauna and flora of the inter-trappean beds in the Central Provinces, and the 
probable direction of flow of the post-trappean rivers, it is clear that the first 
hypothesis cannot be correct, while there would seem to be a oertain amount 
of evidence from different sources m support of the ‘tilt’ theory. It is known 
that at Bombay ' There are raised terraces of marine sediments 12 feet above 
sea level whioh indicates that large tracts of the western side of the island 
have been recently elevated from beneath the sea. Submerged forests have 
been discovered 40 feet below sea level on the eastern shore, thereby affording 
evidence that the eastern side of the island has been depressed within reoent 
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times’ (Fox, 1923). What is applicable to the island of Bombay on a small 
scale is probably true of the Peninsular block as a whole — an elevation along 
the west coast and a simultaneous depression along the east ooast. 

Geologists have reached the conclusion that the straight steep western 
Boast of India is probably a out-back fault-scarp, ‘the hypothetical fault 
running at some unknown distance out at sea. This fault, if it docs occur, 
must be later in age than the Deccan traps, as they constitute the supposed 
fault-scarp’ (Heron, 1038, p. 129). It is probable that when the land to the west 
of the hypothetical West Coast fault foundered and became submerged, the 
present West Coast of India became elevated, thus causing a reversal of the 
drainage of the Peninsula. It is further supposed that the west coast of India 
assumed its present form probably in the Pleistocene period Considerable 
support is also lent to these views from a study of the geology of the Bea floor 
(Sewell, 1937, pp. 23-25). 

Attention may here be directed to the uniformity of the sluggish-water 
fish fauna praotioally over the whole of the Peninsula. This may have resulted 
from a reversal of the drainage of the Peninsula as indicated above 

From the nature of their valleys, which are broad and shallow, it is rightly 
_ assumed that rivers of the Peninsula are of very great 

antiquity. We have noticed above (p. 400) that there 
was practically no change in the position of the main river basim of the Penin- 
sula from the Upper Gondwana period, through the infra-trappean period 
to the inter-trappean period. During the post-ttappean period the Peninsular 
blook may possibly have witnessed the influence of the two types of earth 
movements, (i) those connected with the uplift of the Himalayas and (ii) those 
due to the scarp -faulting along the western ooast and the general crust-move- 
ments of the Pleistocene (Vredenburg, 1906). The former, as noted above 
(p. 401), may have been responsible for the craoks in the northern part of the 
Peninsula and produced the valleys of the Narbada and Tapti rivers. Such 
a thrust-movement from the north would also cause a certain amount of sub- 
sidence towards the southern part of the Peninsula. When a movement of 
this nature is combined with the tilting of the Peninsula from east to west, 
it becomes easy to postulate the probable changes that might have occurred 
in the drainage of the Peninsula. The lower portion of the present Godavari 
river is oertainly of great antiquity, as it dates back from at least the Lower 
Gondwana period while the same cannot be said of its present westerly portion, 
which during the infra- and inter-trappean period had a more northerly 
course (text-fig. 2). The present head-water channels of the Godavari would 
thus be of a muoh later date, as oompared with the age of its lower portion. 
Probably the same is true of the other rivers of the Peninsula. An hypothesis, 
like Hie one advanced above, will also account for the irregularities of the nature 
of falls in the channels comprising the head- waters of these rivers, for, accord- 
ing to the above supposition, they can only be of a Pleistooene age, the period 
of the West Coast fault. 
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Drainage of the extba-Pbninsular India and of the Indo-Ganoetio 
Plain. 


The rise of the Himalayas and the consequential orographic changes, which 
probably commenced during the Eocene period, becoming greatly accentuated 
during the Miocene with a final phase as late as the Pleistocene, have had 
a very great influence on the hydrography of India. Some of the probable 
changes that occurred in the drainage of the Peninsula, as a result of these 
orogemc movements, have been referred to above, while the mam changes 
in the drainage of the extra-Peninsular India, which are of a comparatively 
recent date, have been discussed by Wadia (1938). The evidence afforded 
by the distribution of fishes lends great support to his views, and it may be 
worth while, therefore, to reiterate in this place some of the main points adduced 
from the distribution of fishes. 

It has been mentioned above that by the inter -trappean periods the modem 
F u pi h hony fishes had already assumed their dominant position, 
from Slwallks ^ ie time therefore of the Himalayan uplift, which pro- 
bably followed the formation of the Deccan trap, we had 
the modern bony fishes in existence all over India, while, owing to great changes 
having taken place in the ecology of Indian freshwaters, the Ganoids and 
Dipnoan fishes had already died out. In the Siwahk deposits are to be found 
the remains of some of the larger modern bony fishes, such as Bagartus bagarius 
(Ham.), Mystws aor (Ham.), Rita nta (Ham.) and of the marBh-lovmg fishes 
of the family Clariidse, etc. From these records it seems probable that the 
members of the Indian fauna characteristic of large sluggish rivers and asso- 
ciated marshes, and with a wide range of distribution in the Oriental region, 
had already become established in India during the Siwalik period. 

The distribution of the present-day Indian freshwater fishes presents 
Present -day the following interesting features, and for their elucidation 
Freshwater it is necessary to formulate oertain hypotheses regarding 
Ftshes. the changes in the drainage pattern of India. 

(i) The absence of any general similarity between the fish -fauna of the 
northern and southern faces of the Himalayas. 

(ii) The occurrence of the larger forms, such as Catla eatla (Ham.), Rtta 
nta (Ham.), eto., m all the rivers of northern India and their absence from the 
rivers to the south of the Kistna. 

'(iii) The increasing poverty of the fish -fauna of the southern face of the 
Himalayas proceeding from east to west. 

(iv) The occurrence of some of the highly specialized torrential forms, 
such as the Homalopteridse, in South China, Indo-China, Siam, the Malay 
Peninsula, Burma, Assam, Bengal up to the Tista valley, and in the hills of 
the Peninsula. 

(v) The formation of local species, very closely allied to Indian forms, 
in Burma. 
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(vi) The great similarity between the fish-fauna of the Peninsula and of 
the Malaya Archipelago. 

I have dealt with some of these points in reoent papers, but it seems desir- 
able to recapitulate a few of the main arguments here. 

Though the Himalayas are out across by rivers, a detailed comparison 
of the fish-faunas of its northern and southern faces, as 
Dratnaft/of hZ * explained elsewhere (Horn, 1937c), shows that the two 
alayan Rivers. faunas are quite distinct, thus indicating that the Him a l ayas 
acted as a barrier from the very beginning and that even 
now when, through erosion, trans- and cxs -Himalayan waters have become 
continuous in places the stupendous gorges m the course of the rivers prevent 
an admixture of these faunas. Though both the faunas seem to have been 
derived from southern China, possibly Yunnan, the nature of their components 
indicates that the northern forms are less specialized and presumably more 
primitive than the southern forms. The distribution of fishes in Central Asia 
and in Northern India indicates that with the first movements, that converted 
the Himalayan region from sea into land, longitudinal 
Slwolik River basins were produced in its fore -deeps in which the waters 
flowed from east to west and as the sea reoeded more and 
more westwards the freshwater basins extended pari passu and permitted the 
distribution of the Oriental fishes over a wide area. It is on these considerations 
that I (1937 d) favoured the existence of a river of the nature of the 1 Indobrahm ’ 
of Pasooe (1919) or the ‘Siwalik river* of Pilgrim (1919). Such a river in my 
opinion did not include any portion of the modern Brahmaputra but probably 
had its headwaters in Southern China. 

As has been remarked already (p. 400) up to the Miocene the drainage 
of the northern part of the Deccan was northwards into the Tethys, and it is 
probable that a portion of the northern part of the Peninsula may have drained 
into this Tertiary river, which succeeded the sea in northern India, and thus 
permitted the distribution of the larger and sluggish -water species of fish from 
the so-called ‘Indobrahm’ to the northern area of the Peninsula. Later, 
when this area ‘sagged’ and finally was faulted to produce the valleys of the 
Tapti and the Narbada nvers, the southern tributaries of the ‘Indobrahm’ 
had their flow reversed so that they drained into the Mahanadi and the Goda- 
vari rivers and thus transferred the fauna of the ‘Indobrahm’ to the northern 


rivers of the Deccan. Very little is known of the fish-fauna of the Narbada 
and Tapti rivers, but from the collections made by the Zoological Survey of 
India a few years ago in the upper and middle reaches of the Narbada river 
it seemed evident that this fish-fauna has greater affinities with that of the 
Ganges and other northern rivers than with that of the rivers of the Peninsula. 
It is presumably on acoount of these changes of drainage that the Mahanadi, 
the Godavari and the Kistna rivers have an Indo-Gangetio element in their 
ftmnas, besides the typical Deccan forms. In the Cauveri, however, the 
characteristic large fishes of the North are totally absent. 
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The orogenic. movements that influenced the distribution of the brook- 
inhabiting Himalayan fishes were probably associated 
DlvUtons* o* P the t '* le l 008 ^ 2 ®^ rise of the sub-Himalayas at the boundary 
Himalayas. between the Assam and the Nepal foothills and in the region 

of the Potwar Plateau. As a result of the former movement 
the ‘Indobrahm ’ probably became divided into the Indo-Ganges, which conti- 
nued to flow in its original channel, and the Brahmaputra of that period, which 
probably drained a part of Southern China and the area of the Himalayas up 
to the Tista river, and debouched into the arm of the sea that extended between 
Assam and Burma in the Miocene and Pliocene periods. Wadia (1938, p 387) 
has already noted that the Eocene sea of Assam was superseded in the early 
Miocene penod by the rivers of Assam Thus the long prevailing continuous 
stream of migration of the Far Eastern types of fish along the whole range of 
the Himalayas became interrupted just beyond the valley of the Tista It 
seems probable from the records of distribution of certain specialized hill-stream 
fishes that the Satpura trend of elevated country, which during the Miooene 
and the later periods stretched diagonally across India to the Himalayas, 
permitted the dispersal of hilLstream forms, by a series of river captures or 
through deflection, from the Eastern Himalayas to the western limit of the 
Satpuras and the Vindhyas, whence subsequent to the elevation of the Western 
Ghats, the fauna migrated along the Ghats southwards to the hills of the 
Peninsula. It is presumably along such a route that Bhavania Horn (Homa- 
lopteridae), Silurus Linn. (Silundae), Parapsilorhynchus Hora, Thynnichthya 
Bleeker (Cyprinidae), etc. spread to South India. A recent survey of the fauna 
of the Rajmahal Hills (Hora, 1938) has lent considerable support to this hypo- 
thesis. Recently I (19376, p 10, 1937/, p. 330) commented on the remarkable 
occurrence of the same species of fish, such as Danio stngiUifer Myers, Barbus 
pmnauralus (Hay), etc,, in Northern Burma on the one hand and in the hills 
of the Peninsula on the other. It is easy to understand suoh a discontinuous 
distribution when it is remembered that the Brahmaputra is believed to have 
captured the headwaters of the Chindwm during the post-Himalayan period 
and thus deflected its fauna towards India not very long ago. 

The movement that dismembered the Indoganges into the Indus and the 
Ganges rivers seems to have occurred not very long ago sinoe tho fauna of these 
rivers has not diverged to any very great extent The dismemberment of 
this portion of the Indobrahm is usually associated with the rise of the Potwar 
Plateau (Wadia, 1932) and this rise seems to have hindered the spread of the 
eastern forms, that had already established themselves as far as the Kumaon 
Himalayas, to the Punjab Himalayas. The distribution of fishes along the 
southern faoe of the Himalayas, therefore, clearly indicates the breaking up 
of a once continuous westward drainage into three drainage systems, viz. a 
part of the Brahmaputra, the Ganges and the Indus, probably as a result of 
the last two major upheavals of the Himalayas in the Miooene and the 
Pleistocene periods. 
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Recent detailed work on the freshwater fishes of India and Burma, espe. 

dally of the hill-streams, has shown that in a number of oases 
Isolation of t ^ e examples of a species differ in several import- 

IndJan Aauatic , 

Fauna ant respeots from the Indian specimens usually referred 

to the same species. In this connection reference may be 
made to the Burmese Balitora bnicei var. bunnanicua Hora (Hora, 1932), to the 
studies of Mukerji (1934) and Hora (1936) on Croaaoch&ilua lotius (Ham.) and 
Labeo dero (Ham.) and of Hora (1937*, 1937j) on Eutropiichthys vacha (Ham.) 
and Clupiaoma garua (Ham.). It has been found that the Burmese fauna 
is more closely related to that of Siam than it is to that of India. The morpho- 
logical differences between Indian and Burmese forms lead one to suppose 
that the two faunas became segregated from each other at not a very remote 
period, but at the same time isolation seems to have been effected over a suffi- 
ciently long time to lead to the production of new species, races or varieties. 
It seems probable that it was during the Pliocene period that any migration 
of the Far Eastern forms was rendered impossible by the Himalayas on the 
north and by the arm of the Bay of Bengal which stretched between Assam 
and Burma and probably continued beyond the present-day limits of the 
Himalayas. A large number of species are still common to India and Burma, 
but for the specialized forms the period of isolation, since the Pliocene, seems 
to have been sufficiently long to allow the development of new species. Further 
comparative studies on the Indian and Burmese freshwater fishes are likely 
to throw considerable light on the hypothesis advanced above. 


It is assumed that the fauna of the Oriental Region originated in South 
China and thenoe spread mostly to the south, but also 
Ori^iTo/^ndUin toward8 ea8t and west - and partly to the north and north- 
Flah-fauna. west. Unfortunately the fauna of Southern China is not 

so well known as that of the adjoining territories, but 
through the activities of Chinese workers several interesting forms have been 
discovered within recent years. Tchang recorded Stlurua wynaadenaia Day 
from Lunohow in the Kwangsi Province, but I (1937g) found it so different 
from the Wynaad form that it had to be referred to a distinct species The 
distribution of the genus SUurua, including Paraatlurua Bleeker, helps m 
locating its oentre of dispersal in South China. "’Similarly, the distribution of 
the genera Paeudecheneia Blyth, Parapaeuieehenexa Hora and Propaeudecheneia 
Hora (Hora, 1937A) and of the Cyprinoid genera with a predorsal spine (Hora, 
1937e) point to the same conclusion. I have given above only such instances 
aa I have studied recently, but several others could be cited m support of this 
hypothesis. 

The distribution of Indian freshwater fishes from the Mesozoio period 
onwards, taken as a whole, indicates two distinct types of movements in 
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the continent of Asia, (i) the sinking of the southern and western portions 
of the main land masses, probably as a result of the founder- 
p jgy a| ^j ing of the Gondwana Continent, so that the north-eastern 
Malayan Faunas. wa ^ rs drained towards the south-west, and (ii) the rise of 
the central portion of the main land mass, somewhere in 
Southern China, which permitted the dispersal of the aquatio fauna of this 
region in all directions. The close similarity of the faunas of the Peninsula 
of India with that of the Malay Peninsula is thus due to the simultaneous 
migration of the primitive forms in these remote corners from a common 
anoestral stock and not to any exchange of faunas inter se. The same argument 
also applies to the occurrence of similar forms, such as Stlurus, Barbus, etc., 
in Europe and in Southern Asia. 

Historio ohanges in the drainage of India, such as the disappearance of the 

„ great river Saraswati of the Vedio period, the deflection 

Recent Changes. ® , , , . , r „ ’ 

of the Jumna from being a tributary of the Sutlej to its 

now being a tributary of the Ganges, the independent course of the Sutlej to 
the sea, etc. etc., have left no impress on the distribution of fishes, for the 
entire area in which ohanges have occurred during the historio times contains 
a uniform fauna of Indo-Gangetio fishes. 
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Summary. 

Attention is directed to the fact that freshwater fishes constitute an import- 
ant group for the elucidation of palfcohydrographical problems. The geological 
structure of India is briefly described and from the occurrence of the Dipnoan 
and Ganoid fishes in the Kota-Maleri beds of the Upper Gondwana period 
th» position of one of the main drainage channels of the Mesozoio period is 
indicated. From the location of the infra- and mter-trappean beds containing 
fish-remains it is pointed out that the main drainage of the Peninsula did not 
undergo any change after the Upper Gondwanas and during the formation of 
the Deccan traps. From the occurrence of estuarine fishes in the various 
infra- and inter-trappean bods of the Central Provinces it is concluded that the 
drainage of the Peninsula was towards the north-west. Evidenoe is addnoed 
from various souroes to show that there was a reversal of the drainage in the 
post-trappean period. From the nature of the valleyB of the Peninsular 
rivers and from certain other features of the physiography of the Peninsula 
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it is oonohided that the present -day lower portions of the rivers are of great 
antiquity whereas the upper reaches are of a comparatively recent age. 

In considering the changes in the drainage of extra-Peninsular India and 
the Indo-Gangetio Plain, attention is directed to the fact that before the time 
of the formation of these regions modern bony fishes had already beoome the 
dominant group and among the Siwalik rocks remains of some of our present- 
day species are entombed. Some salient features of the distribution of Indian 
freshwater fishes are enumerated, and a number of hypotheses to aocount for 
the known facts of distribution are advanced. It is indicated that the young 
Himalayas had a consequent drainage and that their deep gorges are a secondary 
feature. Evidenoe is adduoed in support of the great Tertiary river of Pilgrim 
and Pasooe and it is shown how through two localized upheavals of the 
Himalayan foothills at different periods this mighty river became dismembered 
into three hydrographic divisions, the Brahmaputra, the Ganges and the Indus. 
Attention is directed to the differences between the fish-faunas of India and 
Burma, and it is supposed that some form of isolation must have been responsi- 
ble for the divergence in these faunas. 

In conclusion attention is direoted to the origin of the Indian freshwater 
fish-fauna from South Chinese sources, and an explanation for the Similarity 
between the fish-fauna of the Peninsula and the Malay region is given. 

Some of the authenticated historic changes in the course of certain nvers 
of the Indo-Gangetio Plain are briefly referred to, and it is pointed out that 
they are too recent to have left any impression on the distribution of fishes, 
especially of the Indo-Gangetic region which has a uniform fauna over a very 
wide area. 
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THE FLOW OF WATER IN ALLUVIAL CHANNELS. 

By Gerald Laoey, B.Sc. ( Engg . Lond ), M.Inst.G.E. 

(Read at Symposium, January 9, 1938.) 

The author desires to preface his paper on alluvial flow with his congratula- 
tions to the Indian Science Congress on the auspicious occasion of its Silver 
Jubilee, and to express his appreciation of the most welcome invitation extended 
to him to take part in the Symposium on River Physics. 

The study of the behaviour of Indian rivers by the engineering profession 
dates from the inception of large irrigation works m this country nearly a 
century ago. In the United Provinces and the Punjab, snow-fed rivers were 
tapped at the point of debouchment from the hills, and the difficulty with which 
the engineers were faced, viz , the construction of works in an alluvial boulder 
river bed, presented special problems m respect of river training which yet 
await a final solution. In Madras where the headworks were constructed in fine 
alluvial rivers the major problem was the construction of a permanent weir 
on a shifting sandy bed. Associated with these problems was the necessity 
for constructing irrigation canals transporting alluvium, withdrawn from the 
rivers, which would achieve a working stability, and neither silt nor scour. 

With the gro.wth of communications and the need for bridges, both for 
roads and railways, the adoption of the system of sinking wells as a foundation 
for bridge piers led to an immediate study of the subject of scour. Coupled 
with this first consideration of secure pier foundations was the necessity for 
assessing the oorrect flood width of an alluvial river subject to the wildest 
vagaries, and the need for river training works to secure that the river obeyed 
the behest of the engineer. 

It was not however until 1903 that Sir Francis Spring in his clasmo work 
‘River Training and Control' co-ordinated the labours of previous workers with 
his own great knowledge of the subject, and thus laid the foundation of the 
modem empiric study of river control in India. 

- On canals the difficulty of designing channels transporting alluvium, and 
of assessing water surface slopes, was removed to some extent when Bazin 
published his first formula, and to a greater degree when the Kutter equation 
was adopted An ever-present trouble, however, was the removal of the fine 
alluvium or ‘silt’ from the branches and distributaries of irrigation systems. 
It was in 1895 that Kennedy produced his empirical equation connecting the 
mean velooity of a silt-transporting ohannel with its critioal non-scouring and 
non-silting depth, and thus became the pioneer of modem irrigation research. 

It has been only of more recent years, as the importance of model experi- 
ments came to be realized, that some attempt has been made to envisage the 
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problem of flow in alluvial channels as a whole. The full signifioanoe of Osborne 
Reynold's invaluable work on tidal models in 1888, models in whioh not only 
tidal phenomena but also scour and fill were faithfully reproduced, long 
remained unrecognized. 

There is now, however, a realization of the value of model experiments, and 
a growing recognition of the faot that the gap between the laboratory model 
and the river prototype is filled to a marked degree by the great mass of 
channels of all sizes in the great irrigation systems of India, each flowing in 
its own bed of previously transported alluvium, and each transporting its own 
silt charge. The necessity for exaggeration in the vertical scale of models, 
so frequently ascribed by the laboratory worker to the need for silt movement 
and of avoiding laminar viscous flow, arises from a phenomenon which is 
faithfully reproduced in all ohannels, large and small. Thus the small minor 
distributary with its rapid slope is a model of the branch with its less severe 
gradient, and the branch in turn is a model of the main canal. 

The signifioanoe of this feature of alluvial channels is that with exaggeration 
in the vertical scale there is an invaluable diminution in the time scale, and 
our knowledge of the behaviour of large alluvial rivers can be rapidly supple- 
mented by information gleaned from a field of smaller soale. There is thus 
a swing from the old system in whioh the laboratory worker was divorced 
from his essential background, and the practical engineer was, left to his own 
resources. The early study of river behaviour, unaccompanied by mathematical 
analysis, could be said to be one of river psychology rather than physios. 

The isolated fields of different workers are now mergipg into one broad 
plain, oovering the entire subject of flow in alluvium from the smallest laboratory 
experiment to the largest nver, and the knowledge of the laboratory worker 
is now re-inforoed not merely by the understanding and experience of life- 
workers in the larger field, but by the presentation of a mass of invaluable data 
now made available from the alluvial canal systems of India. 

The science of river physios therefore, in the broad and comprehensive 
sense in which the author understands the term, is one of modern growth and 
no more fitting venue for a symposium on the physics of rivers could be found 
than modem India. 

Fortunately for the irrigation engineer, the alluvial ohannels with which he 
is oonoemed flow for the greater part with a uniform discharge, the only wide 
exceptions to this rule are the rivers from whioh he draws his supplies and the 
escapes which relieve the canal systems of surplus supplies during emergencies 
or sudden cessations in demand. 

In a regime alluvial channel not only is the flow uniform, but there is an 
assumed constancy in every dimension, and m the grade of silt transported. 
In practice none of these desiderata is perfectly achieved, but uniform flow is 
nevertheless the basis «f most of our present knowledge of alluvial river physics. 

In this paper the author essays a review of recent developments in India 
jn the theory of regime flow, and applies such theory to the solution of certain 
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river problems. In making his analysis the author regards the hydraulio 
mean depth as a fundamental variable, and, considering the cross section from 
a hydraulio, as opposed to a geometrical view-pomt, treats the hydraulic 
mean depth as elevated vertically on the developed horizontal wetted perimeter. 
In the previous regime analysis of Kennedy the vertical depth ‘ D ’ was measured 
over the horizontal bed of the channel and correlated with the ‘ critical velocity ’ : 
in the author’s treatment of the subjeot, 1 presented m two recent papers to 
the Institution of Civil Engineers, the hydraulic mean depth was selected 
by him as fundamental and this ‘rehabilitation’ of the hydraulic mean depth 
as a variable was the author’s first contribution m this field 

Dealing with the subject historically the elementary flow formula is that 
of Chezy 

V = Cy/M ■ (1) 

Experience has shown that this expression is incorrect, and that for 

accuracy it should be replaced by the somewhat complicated Kutter equation, 
or preferably by its simple exponential equivalent the Manning formula 

V = KR^y/W . (2) 

The critical velocity equation of Kennedy can be written 

V - . (3) 

and it is this empirical expression denoting a non-scouring, non-silting velocity, 
and an effective dynamic balance, which is the foundation of all later work 
on the subject of regime in alluvium. 

For a channel to be in Kennedy regime it is necessary for both equations 
(2) and (3) to bo satisfied' in design the ratio of B the bed-width to D the depth 
was determined empirically. The fact that the vertical depth appears in one 
relationship and the hydraulio mean depth in the other makes mathematical 
treatment difficult. 

In 1926 the author lound on plotting the mean velocity of the Kennedy 
data against R, the hydraulio mean depth, as computed from the dimensions of 
Kennedy’s channels, that the mean velocity varied directly as the square root 
of the hydraulio mean depth. This simple relationship was confirmed by a 
later plotting of regime data obtained from Madras. 

* The author’s equation may be written 

V *= kRi . •• W 

in which the constant k characterizes the silt grade. 

It is of interest to note that when the author first published this equation 
it was severely oriticized by a reputable engineering journal in India on the 
grounds that it was a ‘backward step to Chezy’. 


1 ‘Stable Channels in Alluvium’, 1930. 

‘ Uniform Slow in Alluvial Rivers and Canals ’, 1934. 
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The new relationship shows that in all regime channels of the same silt 
grade the Froude number V i /gR is a oonstant: a fact of importance when 
dimensionless arguments are employed. 

If equation (4) is combined with the Manning equation the slope should 
vary inversely as the cube root of the hydraulio mean depth, a conclusion that 
subsequent analysis of regime data has failed to confirm. In alluvial ohannels 
it will be seen that the correct type of formula should be 

V « K'R* y/R8 .. .. (2 a) 

It is evident that a use of equation (4) oombined either with equation (2) 
or (2o) is not sufficient to determine the dimensions of a ohannel: the ratio of 
the wetted perimeter P to the hydraulio mean depth R must either be assumed, 
or a mathematical expression found for the shape P/R. 

In 1919, Lindley in the Punjab published a valuable oolleotion of data 
which included the slope 8, and the hydraulic mean depth, but omitted the 
mean velocity. A statistical analysis of this data by the author in 1930 led 
to the equation 

R*S = k' .. .. .. (6) 

In this expression, also, k' characterizes the silt grade A little reflection 
showB that this equation ooupled with equation (4) must lead to a modified 
Chezy equation of the type (2o). 

It follows from equations (4) and (5) that in all regime channels of the 
same silt grade 

V ooR^ool/8 .. .. .. ( 6 ) 

a relationship of remarkable simplicity. In terms that a canal engineer will 
understand this expression means that if in a main canal the slope is 8' per 
mile and the mean velocity three feet per second, then in a small offtaking 
minor carrying the same silt grade, with a mean velocity of one foot per seoond, 
the slope required is two feet per mile It is somewhat paradoxical to say that 
the mean velocity vanes inversely as the slope but the statement is nevertheless 
a fact. 

It is of interest to consider whether from equation (0), and without 
reference to data involving the wetted perimeter, it is possible to obtain an 
equation in terms of Q the discharge. The author in 1930 solved this problem 
in the following manner. The exaggeration in the vertical scale of a model as 
compared with its prototype is exhibited in the enhanoed water surface slope: 
the vertical scale which assigns the hydraulic gradient is from the hydraulio 
viewpoint R: the horizontal scale, hydraulio, both lateral and longitudinal, is 
the wetted perimeter P: hence the slopes vary as R/P. Thus 

P/PooSool/F .. .. (7) 

and PccRV cqQ* .. . . (8) 

The accuracy of this assumption depends on the degree of approximation 
of the mean depth to the hydraulio mean depth, and of the wetted perimeter 
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to the water surface width ; in channels of any size the difference is negligible 
and in rivers is not perceptible. 

Direct plotting of wetted perimeter data against the discharge by the author 
in 1928, and recent statistical analysis of data, both m Sind and the Punjab, 
have shown conclusively that the equation 

P = 2 67 Qi . . (Ha) 

is correct Since the introduction of the silt grade as a variable has failed to 
effect any improvement in this relationship, there is a fair amount of evidence 
to show that it is independent of silt grade, and characteristic of all alluvial 
channels transporting water, 

From equation (7) the formulas 

0ooF« .. . .. (9) 

and Sool/Q* . .. .(10) 

are readily derived 

Elimination of the silt characteristics in equations (4) and (5) leads 
finally to the equation 

F - lfl RW . ..(11) 

in which the rugosity or silt grade is implicit in the slope and depth the channel 
adopts 

Equations (4) and (8a) are fundamental to the solution of model problems. 

Tt may well be asked what application these equations can have to nver 
physics ; the simplest possibly is in the design of tidal models. 

Equation (4) is of the same form as the familiar equation for the velocity 
of wave propagation : equation (8a) is new and has not hitherto been applied 
to tidal problems. 

If by T is understood the tidal period of the model, and by T’ the 
period of the prototype, the necessary scales are, according to the author, as 


follows — 


Vertical 

.. t/T 

Horizontal 

.. mi 

Exaggeration 

.. ( T/t)i 


In current practice the principles of Osborne Reynolds are applied, and 
consistent with the correct reproduction of tides, the vertical soales of models 
have been exaggerated in an arbitrary manner. The equations show that 
exaggeration must diminish with an increase in size, and that to build a model 
to a very large scale and thereafter to exaggerate the scale unduly is to depart 
from accuracy Effectively tidal phenomena can be reproduced, by the old 
method, but erosive and silting effects are not so correctly represented. 

The same principles apply to all river model experiments designed to 
predict river behaviour. It is thus necessary to seoure firstly that in the model 
fend prototype the same Froude number obtains, and secondly, that in model 
and prototype the wetted perimeter varies as the square root of the discharge. 
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These principles have been applied with suooees, at the hydro-dynamic research 
station at Poona, to the solution of problems connected with the Hardinge 
Bridge over the Ganges at Sara. Referenoe will be found to the author’s 
equations in a reoent Vemon Harcourt lecture delivered by Professor Gibson 
to the Institution of Civil Engineers, and, so far as the author is aware, these 
formula represent the first attempt to place exaggeration in the vertical 
scale on a rational basis. In Nature it is seldom that all the dimensions are 
equally free to vary and the value of the wetted perimeter assigned by equation 
(8a) i'b therefore termed by the author the minimum stable width. In river 
model work it is, however, sufficient to secure that the shape, the ratio P/R, 
bears the same ratio to the velocity as in the prototype. 

Equation (8a) has an immediate practical application to the problem of 
flood scour at a bridge site, once the silt grade is known. Not only can the 
maximum scour for a given maximum discharge be computed, but also the 
required minimum waterway. Thus if an alluvial river has a maximum flood 
discharge of one millio n cusecs the minimum waterway which the river could 
adopt in Nature would be 2,670' or approximately one half mile. The Mississippi 
in a straight reach below Fort Jackson, and near the delta, is subject to a 
cycle of flood discharges not far removed from one million cusecs and the 
width is almost exactly 2,660 feet. 

In the Punjab, and in Sind, small alluvial ohannels subject to a steady 
discharge faithfully reflect the same characteristic, channels with a discharge 
of one hundred cusecs demanding a wetted perimeter of approximately 27 
feet. 

The use to which regime equations can be put in solving river problems 
must always depend on the extent to which the variables are as a fact free to 
vary. In theory silt grade and discharge uniquely determine the dimensions of 
a channel; in praotioe this is seldom the case. 

In the boulder region at the foothills the great floods, during which the 
rivers may truly be said to be alive, are of short duration and occur at rare 
intervals. It would thus be inoorrect to employ equation (10) in an attempt 
to associate the discharge with the slope The general ground slope, which is 
sensibly the hydraulic gradient, is a dominating factor. The river in flood 
may merely dissipate its surplus energy by soour and thus inorease its hydraulio 
mean depth. In such a case equation (11) would apply. Alternatively, such a 
river might soour until the increased size of boulders encountered forced the 
river to widen and attack less ooarse material. Very frequently in boulder 
rivers the surplus energy is destroyed by the bade flood discharge Q which 
would demand a slope 8, disintegrating into a number of sub-discharges 
separated by shoals and islands. These sub-discharges might each eventually 
d ema nd a slope assigned by equation (10). This process, which can be oalled 
‘interweaving’, leads to a greater slope, and owing to the lack of equality in 
the sub-discharges, to a ‘warped’ flood plane. It may sometimes occur in 
the boulder region that all the scattered discharge threads are united at one 
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site presenting one well-defined flood ‘thalweg’. In such a case, provided 
that the bankB are erodible and that there is no ‘gorge’, equation ( 80 ) would 
apply. 

The process by which surplus energy during floods is absorbed is also 
associated with the phenomenon of ‘ meandering ’ or, as it is sometimes termed, 
‘tortuosity’. The author would define ‘tortuosity’ as an irregular course 
imposed on a river by the terrain through which it flows, and ‘meandering’ 
as a course which is inherent in the material transported and the range of 
discharges encountered. For meandering to occur there must also be a wide 
alluvial plain of material identical with that transported. 

Rivers m the hills, prior to entering the plains, follow a tortuous course 
‘interweaving’ is a form of tortuosity imposed by the general ground slope 
of the terrain, the other variables being free to vary. ‘Meandering’ is set 
up in the true alluvial plain which has been built up by ceaseless vaganes 
in the past. The root cause of meandering is the fact that the great floods 
demand a smaller slope, and are free to dissipate their surplus energy by a 
lengthening of the course of the nver and an equivalent reduction in gradient 
In the course of the river from the foothills where the slopes are severe, to the 
sea where the slope is zero, there is perpetual activity. Not only is the alluvial 
plain slowly built up, but in the process there is ceaseless selection and rejection 
by the nver of alluvium previously transported. As is inevitable the finer 
materials demand lesser slopes and are transported furthest, this in itself would 
explain the progressive reduction in silt grade as a river approaches the sea. 
There is also the process of slow silt attrition in the river bed, but the author 
considers this a secondary rather than a primary cause, apart from active 
attrition during floods in the hills, much of the finer silt must be ascribed to 
soil washings and soil disintegration unconnected with dynamic nver action. 

The relation between the basic ratio characterizing silt grade, V 2 /R, and 
the average size of the silt particles is not as yet finally determined. In 1930 
the author suggested the empirical relation V*/R oo dK An intensive study of 
regime alluvial channels coupled with silt analysis has been recently initiated 
by the Irrigation Research Institute, Lahore, and thiB among other relation- 
ships is under examination. 

It has not been possible in thiB brief paper to do more than draw attention 
to those elementary principles which the author trusts may serve to clarify 
issues, and to restriot generalization in river physics 

From the author’s study of the subject ho holds, despite the complexity of 
the problem presented by our great Indian rivers, that the basic equations are 
of great simplicity, and that it is on the foundation of the ‘normal’ or ‘regime’ 
channel flowing with constant discharge and silt charge, that our ultimate 
knowledge of river physics must be based. 

Recent work on the flow of water in pipes, of varying degrees of geo- 
metrical roughness, has brought this strictly limited branch of hydraulics 
to a stage approa ching finality ; it would, however, be a grave mistake toattempt 
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to Apply equations derived from sueh a source to open channel flow. The 
fact that in alluvial channels the boundary is far from rigid, and that the bed 
itself is moving forward, must set up an entirely different distribution of 
velocities within the cross section. 

In the author’s opinion, based on his experience, the normal cross section 
of a regime channel in incoherent alluvium closely approximates to a semi- 
ellipse, of which the water surface coincides with the major axis. In such a 
channel the forces generating the section are at all points normal to the wetted 
perimeter. It is possible therefore to conceive a semi-elliptical cross section in 
which the ‘isotachs’ or velocity contours are confocal, and the orthogonals 
represent the lines on which the forces act. The method of analysis would be 
similar to that adopted by Prandtl: the formulas obtained Bhould, however, 
be very different, and it is hoped not far removed from those the author, 
has quoted in this paper. 



THE USE OF MODELS FOR ELUCIDATING FLOW PROBLEMS BASED 
ON EXPERIENCE GAINED IN CARRYING OUT MODEL 
EXPERIMENTS AT THE HYDRODYNAMIC RESEARCH 
STATION, POONA. 


By C C. Inglis, C.I.E., M.lnst.C E. 


( Read at Symposium, January 9, 1938 ) 

1 . Of recent years so many claims have been made regarding the successful 
application of model research to the solution of hydraulic pioblems that the 
public are now under the impression that any engineering problem can be 
simply solved by the use of models. A corrective to this view was provided 
when Herbert D. Vogel, Director of the U.S. Waterways Experimental 
Station at Vicksburg, in replying to the discussion on his Paper entitled 
‘ Hydraulic Laboratory results and their application in nature ’ published in 
the December 1935 issue of the Proceedings of the American Society of Civil 
Engineers, wrote- — 

‘In an effort to find proof — or disproof — of tho rebability of open channel experi- 
mentation, this paper was tossed out as a challenge The results, while disappointing, 
were nevertheless illuminating in thoir paucity, and the question could now bo asked, 
“Are current studios being undertaken (1) because of the proved validity of the 
method, (2) boosuso models aro a clioap means of approximation, or (3) simply 
because it is fashionable to carry on “ scientific ” research l ” To run down the answer 
to this query, circular letters wero sent out from the U 8 Waterways Experiment 
Station during August. 1934, to more tlian fifty laboratories or lndniduals engaged 
in hydraulic research It was requested ui each ease that information be furnished 
regarding the performance of any model tests, tho results of which hail been sub- 
stantiated subsequently by results obtained in the field Twenty of these letters 
were directed to addresses within the Hinted States and the remainder wore sent to 
foreign countries 

‘Replies were reoeived from twenty -eight of those addressed, twelve of thoso 
being from laboratories within the United States With a few notable exceptions, 
the replies contributed scarcely any information directly pertinent to the subject ' 

Nearly all the cases cited were of models with rigid boundaries, several 
of which gave only approximate correlation, and ‘little or no information was 
received m justification of movable bed models’. 

2. The object of this paper is to show — 

(i) that there are eight markedly different types of models, only one 
of which presents little difficulty and gives results suitable for 
immediate application, whereas other types, especially those 
relating to flow in rivers, present great practical difficulties; 
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(ii) that much larger models than hare generally been used in hydraulic 

laboratories in the past are required to give aocurate results, 
especially in the case of erodible models ; 

(iii) that most flow problems — even investigations into the movement 

of silt — which have hitherto generally been investigated in 
laboratories in parallel sided flumes, as though they were 2- 
dimensional questions, are essentially 3 -dimensional problems, 
and 

(iv) that model experiments are a very valuable aid in the solution 

of practical engineering problems, but that success with them 
depends mainly on engineering skill which they cannot replace. 

3. Model experiments may be divided into 8 main types • — 

Types of models . — 

I. Models which art geometrically similar in shape to the prototype and 
give geometrically similar results 

II. Models which are geometrically similar in shape; but do not give 
geometrically similar results 

III. Regime models in which conditions of flow are maintained constant, 

with complete freedom as regards silting and scouring. 

IV. Combined open channel and rigid models 

V. Rigid and semi -rigid vertically -exaggerated models in which conditions 
are imposed, e g tidal models 

VI. Models with mobile protection — falling aprons , spurs, protection 
round piers, etc 
VII Meandering rtver models. 

VIII. Combined rigid, mobile and meandering river models. 

4. Before describing examples of the various types of models, it may be 
explained that the mam difficulty in the use of models is due to dynamic 

VR 

similarity requiring the same Reynold’s number — in model and prototype 

to obtain similarity of viscous effects, and the same Froude number (V 2 /gR) 
to give similarity of gravity effects, where V ™ velocity, R *■ hydraulic mean 
depth and v =» kinematic viscosity To avoid this difficulty, it has been 
customary to design according to whichever effect was the dominant factor, 
either ignoring the other, or allowing for it on the basis of scale effect. The 
effect of scale has been analyzed in great detail in connection with ship design, 
but has not been investigated with similar thoroughness in other directions. 

Until recently, it was customary to assume that provided the Reynolds 
number exoeeded about 2,600 its effect was almost negligible; but there is 
now ample evidence to show that much higher values of Reynold’s number 
are required m a model. 

5. To return now to the description of various types of models . — 
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I. Models which are geometrically similar in shape and give 

GEOMETRICALLY SIMILAR RESULTS. 

Two examples are given below of models of this type — 

(1) Crump type ‘standing wave flume’, and (2) Gibb module 
6. (1) A ‘standing wave flume’ is a device for measuring discharges. 
It consists (see figures 1 and 2) of a bell-mouth entrance, a throat, and, where 



it is desirable to dissipate energy or to recover head, an expansion downstream, 
in which a standing wave forms, leading to recovery of ‘head’ 

The feature of the standing wave flume designed by Mr E. S. Crump 
(Superintending Engineer, Punjab Public Works Department) is that its 
throat, which has a horizontal sill throughout its length, is made sufficiently 
long (™ twice the upstream depth of water over the sill) to insure that the 
‘ control section’ is contained in the throat section As a result, the discharge 
vaties according to P 1 s , where D = total energy head above sill of flume = 
depth of water upstream over sill plus head due to velocity of approach (or 
Dy+K). 

The theory of the Standing Wave Flume is that the maximum discharge 
occurs when the velocity of flow in the throat, F* = the ‘critical velooity’ 



where « area of flow in the throat and B =» breadth of water surface in 
the throat. Under these conditions the energy of flow is a minimum. In the 
Crump type flume the sides of the throat are vertical and Fg * y'g D%. 
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In horizontal flow, with vertical rides — 



q a* D t y/2gh, where q « discharge per ft width of flume and 
D 2 = depth in throat 

- VTg (D-hrfl* 

= \/2g (D 

where A = head causing velocity. 

So q will be a maximum when 

-a 0 - V2g(l/2D A -1 /*— 3/2A 1 /*) 

or when D *= 3A and A = Z)/3 and as Z) 2 = D—h, 

D 2 - 2A or 2/37) 
and the discharge — D t V 2 

- 2/3 D\/2qx Di% 

- 3-088 7)*/* . (1) 

Although flow conditions in Mr Crump’s design follow theory so closely that 
the error m the exponent is negligible, yet even in this case, there is some 
‘scale effect’ in small models, due to it being impossible to make the boundary 
conditions similar to those in the prototype ; but this difficulty can be eliminated 
by using large models. 

‘Head’ can be recovered by a standing wave (in a flume constructed 
downstream with diverging sides). In this part of the model, geometrically 
similarity of flow is less fully attained, and so considerably more head can be 
recovered in large than small flumes — the modular limit (the maximum value 
of Dj/Dj for a particular discharge which just does not raise the upstream water 
level) being as high as 92 per cent in large flumes with Q greater than 1,000 
ousecs but only 85 per Cent in a one cusec flume. This does not affeot the 
accuracy of the flume as a measuring device; but merely lowers the ‘modular 
limit’, and hence the maximum downstream water level which just does not 
cause afflux — i.e. a rise in upstream water level. 

The reason why this model gave geometrically similar discharges was 
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(а) the length of the throat was sufficient to contain the oontrol section 

and insure similar flow conditions, and 

(б) the model was sufficiently large to make it possible to have boundary 

conditions similar to those in the prototype. 

7, (ii) 0%bb module: 

A module is a device for maintaining a constant discharge, irrespective of 
the upstream and downstream water levels within the working range. Figures 
4 and 5 show plan and seotion of a Gibb module. 



It oonsists of an upstream pipe whioh carries water from the parent, 
distributing, ohannel to the module. The water then flows through a semi* 
circular rising pipe, whioh changes in shape from circular at its upper end to 



424 o. o. iso Lis : the css or mookls fob elucidating flow problems. 


the natural shape for free vortex flow at its lower end, whenoe the water passes 
into a semicircular open flume, oalled the ‘eddy chamber'. In this, there is a 
series of fl to 9 baffles, which are just dear of the on-flowing water. The 
principle on which it works is that when the head acting is the minimum 
required to cause ‘ free vortex flo w ’ , the water flows through the module without 
obstruction, but when the head exoeeds this minimum, centrifugal force causes 
water to bank up on the outside of the semicircular ‘eddy chamber’ and 
impinge against the curved baffles, which cause the water to be thrown up with 
a rotary movement, thus dissipating its energy , after whioh it falls on top of 
the on-flowing water, further reducing energy. 

The theoretical basis of the Gibb module is 

(i) ‘free vortex flow’, in which the velocity at all points vanes inversely 

as the radius, and 

(ii) Bernoulli's theorem— the total energy head of all filaments remains 

constant. 

V i /2g+ d+z m constant, 
where d = height of filament above bed, 
and z — height of bed above datum. 



Notation 

Q m Discharge in cusecs. 

r 0 *- Radius of the outer semi-circle of the eddy chamber. 
r< m Radius of the inner semi-circle, 
do »« Depth of water at outer oircumferenoe. 
d ( mm Depth of water at inner circumference. 
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h •* Head causing flow, varying from h 0 to k, 

D+hp — Total difference of level measured from the minimum water levels in 
the parent channel or distributary, to the floor of the eddy chamber, 
h p being head lost in inlet pipe. 

m «** — = Ratio of outer to inner radius. 

U 

B = Width of eddy chamber = r 0 — r ( 

The general discharge formula was deduced at Poona and is as shown lielow — 


Q 



\/'2gh ddr 


Now 


vr - v 0 r 0 or r\/2gh = r 0 \/2gk 0 . 

2 2 

r r 

h sa h 0 and d *■ D—h » D—h 0 



dr 


= CfoV 2gh 0 | - K dr 

-CWWa$n\0K, r -±-h n rl ) 

\ '• 2 vn 


Calling r -°^m 

Q « Cr 0 \/2g ^D\/ a o log. m - (w 2 -l)J 

and calling /t 0 = KD 

Q - Gr n y/lq /)*/* [■ y/K [log, m - ( m *-l)] . . (2) 

The value of C — the coefficient of discharge — was found to be 0-935 from 
experiments. 

V Gibb standardised his modules for m * 2-0 and h 0 = D/7. 

The reason why geometrically similar results have been obtained with 
models of Gibb modules is because the dominant factor is gravity, which 
controls free vortex flow, and viscosity has only a negligible effect. 


8. II. Models which are geometrically similar in shape, but do not 

GIVE GEOMETRICALLY SIMILAR RESULTS. 

An extreme example of this type of model is under test at Poona. This 
is a high-coefficient weir for Lake Arthur Hill at Bhand&rdara — Bombay 
Presidency. 
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The Waste Weir is 650 ft. long with a sill consisting of very uneven rock. 
Full Bupply level is 10 ft. higher at R.L. 2447*63. The object of the experiment 
was to design a waste weir which would store the maximum possible depth 
of water, and yet pass the estimated maximum hood without exceeding full 
supply level. 


The maximum possible run-off from the catchment, estimated by the 

'Inglis fan-oatohment formula’, Q = was 44,400 cubio feet per second 

V^+4 

(where A — area of catchment in square miles), but owing to the great ‘flood 
absorptive capacity’ of the Lake, the maximum discharge so far recorded 
over the existing waste weir has been 10,270 ousecs, and the maximum dis- 
charge which the weir would ever have to pass, based on a 4 hour peak period, 
worked out at 14,400 c usees — according to Garrett’s flood absorption formula. 

Several difficulties had to be overcome in this model investigation. In the 
first plaoe the problem was 3 dimensional, because in order to have as high a 
weir as possible its length was increased by making its alignment serpentine; 
so it was neoessary to construct a model of the whole length of the weir; and 
it was decided to construct the full length model to a small scale (1/30) and 
even then it was 25 ft. long. This model had very small depths, and correct 
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relative roughness could not be estimated ; so, to insure accurate downstream 
water levels, — which, as shown later, have an important bearing on results — 
a part model to a soale of 1/10 was constructed, which it was assumed would 
give similar results to the prototype — the Reynold’s number exceeding 90,000 — . 
A replica of this 1/I0th scale part model was then constructed to a scale of 
1/30, the roughness of whioh was altered until it gave similar depths to the 
1/10 scale model, and the 1/30 full length model was then built with this same 
roughness. 

Part models were also constructed to scales of 1/5-86, and 1/3-9. The 
high coefficient weir profile of the 1/5-86 scale model was constructed of a shape 
agreeing with the under side of the nappe of water flowing over a sharp-crested 
weir when a relatively small discharge was flowing, and a bell mouth lip was 
added upstream — as shown in Figure 7. 

With a depth of -243 the coefficient ‘C’ in the geometrically similar 
formula q ■= CD 1-8 was 3-99. When q was increased, ‘C’ also increased, 
until a maximum coefficient of 4-53 was obtained with D ■■ -76 ft. This 



D f reduced h /q mochl ace/e. 
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increase was due to the effect of curvature of flow reducing the pressure and 
hence increasing the velocity, but when the discharge was increased further, 
the coefficient decreased rapidly, see Figure 8, 

When the 1/10 scale, geometrically similar, model was tested in the same 
way it was found that the maximum coefficient was 4-42 while a model to a 
soale of 1/3-9 gave 'C' = 4-67 These maximum coefficients for various 
scales are plotted on Figure 9 with the curve extrapolated for the prototype 
With further improvement m the shape of tho lip and crest, a still higher 
maximum coefficient of 4-65 was obtained in the 1/6-86 model against 4-53, 
and it is estimated that m the prototype ‘C’ would be 4-94 Flow m this case 
was neither parallel nor free vortex, and curvature introduced rapid changes 
m pressure and velocity gradients. 

Up to this point, only free flow conditions have been considered, but 
another complicating factor arose due to the 'modular Umit’ varying with 
scale. Figure 10 shows the relation between and ‘drowning 

ratios’ at ‘modular limit’ for tho various models (Z> s /Z>j = drowning ratio 
‘Modular limit’ is the maximum value of D s /D l which just does not cause 
afflux for any particular discharge) 

The coefficient of discharge also varied widely according to tho per- 
centage ‘ drowning ratio ’ in each model and was different for the same ‘ drowning 
ratio’ in models of different scale 

Actually, all these difficulties were resolved by adopting an alignment 
which, though serpentine, gave free flow over the whole length of the weir, 
and this was found to cause only a small reduction in storage, 

This case is quoted to show how very wrong it is to assume that because 
a model is geometrically sintdar m shape, that therefore it will give geometrically 
similar results. 

9. III. Regime models in which conditions of flow are maintained 

CONSTANT, WITH COMPLETE FREEDOM AS REGARDS SILTING AND SCOUR 

Channels may be divided into 2 main classes :— 

(a) channels flowing within rigid boundaries, and 

» (6) channels flowing in incoherent alluvium. 

In the former, flow is under flume conditions and a heavy super-oharge of 
silt can be carried provided the slope is sufficiently steep In this paragraph, 
only channels in incoherent alluvium will be considered 

Mr. Lindley, in his Paper on ‘Regime channels’ (published in Proc Punjab 
Eng. Congress, Vol. VII, 1919), put forward the original theory that ‘the dimen- 
sions, width, depth and gradient of a channel to carry a given supply, loaded 
with a given silt oharge, were all fixed by nature ’ and some ten years later 
Mr. Gerald Laoey in his Paper on ‘Stable channels in alluvium’ (Proc. Inst. 
CJS., Vol. 229, 1929-30), produced a senes of formula which fixed gradient 
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&nd shape of regime channels. These formula have gradually been winning 
aooeptanoe all over the world. 

The Laoey formula are the only formula which explain the known facts 
satisfactorily, so are here used to clarify flow problems in so far as they affect 
model work. 

Lacey’s formula 

P«VQ - 2-67 VC 

(where P -» wetted perimeter and Q = discharge in ousecs) is now generally 
acoepted. From this 

= 7-12 PRV 

P/R - 712 V (3) 

(where B am hydraulic mean depth in ft and V » velocity in ft /sec ) 

On the Lacey assumption that regime channels approximate to an ellipse, 
the limit occurs when the channel becomes semi-circular ; so, in the limit 
P/R m 2ff m 6-2832 

or Fi, m - 0-882 //a (4) 

Similarly Q = PBV - 2*07 Q 1 /* R V 

or gV.»2-07 BV 

Q m 7-12 ( BV )» 

and according to Lacey’s ‘initial regime’ formula V = l‘ll\/fB where / is 
the silt factor f/ — -73 V*/B «( V*/gR) (the Froude No.)] so 

Qimi *= 1*82 /• .. . .. (5) 

These formula fix the theoretical low limit for regime V and Q according to 
the Lacey theory; but Figure 11, correlating Q and B, (width at surface) and 
D, (depth at midstream), show that according to this theory, the surface width 
increases rapidly for a small increase of discharge above the lower limit , while 
the depth decreases rapidly for a similar small increase above the lower limit , 
and although the minimum theoretical depth lies on a line Q m 2 1//*, it is 
not till Q = 3*20 //* that the depth in midstream beoomes again equal to the 
Minimum theoretical depth for a semi-ciroular channel ; and it is wise to avoid 
this range in model experiments. 

It will also be noted that as the discharge required to establish regime 
increases inversely as the square of the silt factor, the coarser the silt, the 
smaller the discharge required. This result is analogous to the results of 
Nikuradze working with roughened pipes. 

In practioe the necessity for large models is demonstrated in connection 
With silt charge. In regime channels, for every discharge and type of silt 
there is a natural silt charge, and if the silt charge is in excess of this, the 
channel tends to throw down the excess, while if the water carries less silt 
than the regime charge it tends to pick up alt. 
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At Poona we have gone a considerable way towards determining the natural 
silt charge, and have found that the model silt charge is markedly different 
to that in the prototype. It has also been found that the smaller the model 
the more sensitive it is to a supercharge of silt 
To sum up. — 

(i) To obtain regime conditions the discharge of a model should 

exceed 3-2 If 2 , so the limiting discharge necessary to create regime 
conditions vanes inversely as the square of the silt factor (# 
Froude number) and much larger discharges and higher Reynold’s 
numbers are required if the silt used in the model is fine 

(ii) There is a natural regime silt charge, which vanes with the dis- 

charge and silt grade, and there is a minimum velocity for each 
silt, below which the regime silt charge cannot be carried 

(iii) For the same grade of Hilt, the lower the discharge, the more 

sensitive the model to a super-charge of silt 

(iv) Regime models are not required for designing regime channels, 

beoause the Lacey formulae give far more accurate results than 
can be obtained by applying model results, but they are parti- 
cularly helpful in determining silt movements and the proportion 
of silt drawn by vanous offtakes and for indicating divergence 
from regime due to specific factors, for which purpose geometri- 
cally similar models and models based on scales selected arbitrarily 
give incorrect results The regime conception must, m fact, form 
the starting pomt of all accurate model work dealing with the 
movement of silt 

10. IV. Combined erodible and rigid models 
( i) Miver-rigtd-nver succession 

Owing to the fact that the approximate discharge formula of a barrage 
(or a weir) for varying discharges and that of a natural channel have different 
exponents of ' D’ (the depth), either the length of the weir must be reduced as 
compared with the width of the River, or the sill of the weir must be relatively 
higher in the model than is the case m the prototype This would mean that 
the throat conditions would be different from those in the prototype and hence 
if a standing wave just formed m the prototype it would not form in the model, 
and downstream conditions would then be radically different. There would 
also be afflux upstream with low supplies. In other words, such a model 
would not reproduce prototype conditions. If, on the other hand, the vertical 
s cede of the masonry work were made the same as the River vertical Beale, 
retaining the same length of weir relative to the River width as in the prototype, 
conditions would be even more unnatural; because during floods there would 
be ‘draw-down’ at the masonry work with an unnaturally low water level and 
high velocity upstream of the masonry work. It; fact, conditions in that case 
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would be completely wrong during floods, not merely upstream but also over 
the masonry work and downstream, 

The author stresses this point, because it means that whenever a channel 
changes from natural (river) conditions to flume (rigid) conditions or vice versa, 
it is impossible, while maintaining the same scale m plan, to reproduce prototype 
conditions. 

(ii) River-ngid succession. 

If, however, conditions downstream of the model do not matter, and the 
correct relative levels in the prototype are known, it is possible, with the sill 
at the correct level relative to upstream bed level, to regulate downstream 
water levels so as to maintain oorrect upstream W L s. In the case of a 
Barrage, a better solution is to reduce the width of waterway of each span by 
thiokening the piers near the gates in such a way that the vertical scale is the 
same for the Barrage as the river. In this way, conditions can be maintained 
approximately correct for all discharges. 

(iii) Rigid-river succession. 

Weir conditions and downstream conditions can generally be made to fit 
approximately by adjustment, but where one of the factors is expansion— as 
in the case of a Standing Wave Flume Meter Fall — vertical exaggeration, wluch 
has a marked effect on the permissible side divergence, prevents the model 
being similar in plan and the downstream divergence must be much sharper, 
which fits in with desirable shortening of the length of the weir. 

In practice, expansion depends more on boundary conditions than energy 
and hence it is desirable to study results both in geometrically similar and 
vertically exaggerated models, which, considered together, make it possible 
to predict, with a high degree of accuracy, what will happen downstream in the 
prototype. 

11. V. Rigid and sbmi-bigid models, in which conditions abb imposed 

THE SIDES BEING HELD AGAINST SCOUR, E.O. TIDAL MODELS 

In this type of model it is possible, owing to the flume conditions rendered 
possible by rigid boundaries, to exaggerate the vertical scale and slope beyond 
the natural vertical exaggeration of regime channels and henoe to obtain results 
muoh more quickly and with much smaller models than with regime models. 

There appears to be ample evidence to show that these models give valuable 
qualitative results provided they are correctly designed. It must, however, 
be remembered that conditions being to a large extent imposed, the model has 
little freedom to produce natural conditions and henoe gives results which 
Append to a marked extent on the adequacy of the data and the skill of the 
experimenter. 
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Rigid models are used in America for determining the effect of ‘cut-offs’ 
on upstream water levels, and they give valuable information as to the imme- 
diate effeot on water levels upstream , but that is all 

12. VI. Models with mobile protection. 

There are 3 main types of mobile protection . — 

(а) Falhng aprons, 

(б) Spurs, 

and (c) Pier and pavement protection. 

Experiments have been carried out at Poona during the past two years with 
models of all these types. The dominant factor m this case is angle of repose , 
and as the angle of repose is little affected by scale, the models must be approxi- 
mately geometrically similar m shape and have similar velocity gradients to 
those in the prototype It has been found at Poona that with Ganges River 
sand, Reynold’s No should exceed 70,000 to obtain satisfactory results for 
application to the prototype, and discharges up to 21 cusecs have been used 
in the experiments. 

13. VII Meandering hiveb models 

and VIII. Combined rigid, mobile and meandering river models. 

In India, tho meandenngs of rivers are generally affected by rigid structures 
cluefly railway bridges Two models at present under test at the Central 
Hydrodynamic Research Station near Poona will be described. — 

(l) A model of the River Indus 170 ft long representing 7 miles above 
and 3 miles below the Sukkur Barrage, 

(li) A model of the River Ganges 600 ft. long representing the River 
from Sardah, 40 miles above the Hardinge Bndge (E B, Ry.) 
to the mouth of the Gorai River, 15 miles downstream. 

14. (1) River Indus near the Sukkur Barrage 

Figure 12 shows plans of the portion of the River Indus comprised in the 
mdtiel in 1930 and 1932. Between the rock gorge (in the vicinity of the towns 
of Sukkur and Rohri) and tho barrage, both banks of the river have been pitched 
with stone, but silt has since deposited along the banks and so it is only in 
the gorge portion, where rook is exposed during floods, that flume conditions 
exist. 

This model presents the following difficulties • — 

(а) The river above the gorge swings between wide limits and this 

affeots results below the gorge. 

(б) Rook is exposed only during high floods and at that time a boat 

cannot be used for observing depths. 
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The data about rock levels is therefore meagre and this has had to be 
worked out by designing from experience, runmng the model to see results, 
and then modifying the rock contours until results tallied with those in the 
prototype. Though this may sound simple it presents extraordinary difficulties, 
not merely because changes take place m the river above the gorge during the 
flood season but also because the art of modelling to obtain desired results 
under fluctuating conditions can only be mastered by those with a natural 
aptitude combined with long experience, clear water being a ‘sine qua non’ 

As a result of model experiments carried out 6 years ago to ascertain 
whether ‘still pond’ or ‘open flow’ regulation would be preferable for excluding 
silt from the Sukkur Barrage Canals (see Bombay P.W.D , Tech. Papers, 
Nos. 45 and 46), it was found that though ‘still pond’ regulation — which 
consists in keeping the undersluices between the Divide walls and the canals 
closed while the canals are flowing — gave shghtlv better results than ‘open 
flow ’ — which oonsists in regulating by keeping some of the undersluices open — 
either method was successful for excluding coarse silt from the Left Bank 
Canals; but ‘Still pond’ regulation gave markedly better silt exclusion from 
the Bight Bank Canals. This was fully confirmed when the canals were 
opened. 

It was also predicted that a silt bank would form along the right bank 
and, to prevent this, it was proposed that a long vane should lie constructed 
upstream of the canals on the right bank. This, alone, would have tended to 
pull the main flow of the river across to the right bank, so a similar vane was 
proposed for the left bank, and the two would have maintained channels 
free from heavy silt, along both banks. 

This recommendation was not acted on, it being decided to watch results. 
In the floods of 1936, the river earned an exceptionally heavy charge of bed 
silVand the predicted sand bank formed along the right bank from Bunder 
Station to the nose of the Divide wall of the Left Bank Canals and silting 
occurred in the North Western Canal. The original solution — a long vane — 
being no longer possible, experiments to find a new solution have been started 
This model gives highly acourate results. 

15. (ii) Model of the River Ganges (600 ft. long) representing the 
River from Sardah, 40 miles above the Hardinge Bridge (E B Ry ) to the 
mouth of the Gorai River, 15 miles below (Plate IV). 

At the end of 1934, the author was oalled in by the Hardinge Bridge 
Committee to carry out model experiments and report on measures required to 
safeguard the Hardinge Bridge across the River Ganges, on which nearly a 
million pounds had been spent on repairs, during 2 years. 

Five different sets of experiments were carried out: 

(i) Pier experiments to determine the laws governing soour round 
piers, with (a) axial, and (6) oross flow; and the beet way to 
protect piers against scour. 
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(ii) Falling apron experiments, to determine the way in which an 

apron, laid flat, launohee under axial and ourved flow conditions 
when the underlying material is (a) sand and ( b ) clay layers. 

(iii) Experiments to determine the critical shape of pitched banks for 

stones of different shapes and sizes, and the final slope which the 
stones take up after launching under axial and ourved flow 
conditions. 

(iv) Large-scale model experiments to determine the exact conditions 

when the Guide Bank slipped — in order to determine how best 
to prevent a recurrence. 

(v) Experiments with models of the River Ganges for the reach from 

Sardah, 40 miles above the Bridge, to below the Gorai River, 
15 miles downstream. 

Experiments (i) to (iv) all gave highly interesting and valuable results 
which had a bearing on the experiments carried out with the large model, 
but these oannot be dealt with here. 

Plate IV shows a plan of the River from Sardah to the Gorai in the 
oold weather of 1936-37 after the breach had occurred. 

Thirteen series of experiments were carried out with the big model; 10 
before the Hardinge Bridge Committee issued their Report (see Bombay P.W.D., 
Technical Paper No. 55). These, taken in conjunction with experiments (ii) 
to (iv), showed that the conditions which led to the breach were due to severe 
action oaused by the Sara Guide Bank, 19,000 ft. upstream of the bridge on 
the left bank, accentuated by the Damukdia Guide Bank, 11,000 ft. upstream 
of the bridge on the right bank. These Guide Banks turned ‘high velooity, 
kinetic energy’ into ‘fiercely-eddying, surging flow’, which cut away the toe 
of the Right Guide Bank, and so oaused a serious slip, which later developed 
into a breach. 

Alternative methods of reducing the attack were compared by model 
experiments, and the Committee decided, as a result, to remove the stone from 
the Sara Bank in order to reduce attack on the right guide bank. This has 
proved suooes^fd. 

The above bald statements give little idea of the difficulties met with in 
carrying out the experiments. 

In para. 11, dealing with combined river and rigid models, and para. 15, 
explaining the Sukkur Barrage experiments, some of these difficulties have 
been stated, but in this experiment further difficulties arose because the control 
points (a) Raita Guide Bank; (5) Sara Guide Bank, (e) Sara clay belts; 
(<l) Damukdia Guide Bank and (e) the Right and (/) Left Guide Banks were 
all mobile and when attacked were liable to launch or even be partly washed 
away. This, it was impossible to reproduce in the model, because whereas 
the natural vertical exaggeration of the river portion of the model necessitates 






C 0 INGLIS . THE USE OF MODELS FOB ELUCIDATING FLOW PROBLEMS. 437 


steep slopes, a falling apron falls to a relatively flat slope, which for stone 
vanes from 2 to 1 to 3 to 1 . 

It was therefore necessary to determine from large-scale model experiments 
under what conditions launching, slipping and washing away would take place 
m the prototype and to modify conditions from time to time when the model 
conditions indicated that a slip would occur 

Tt was later found that in order to obtain similar ‘throw-off’ from these 
banks — le, a similar velocity distribution and curvature of flow — the slope 
had to be different to that resulting from ordinary vortical exaggeration — l e 
there was a marked scale effect, so a senes of experiments had to be done to 
find out how to correct for this scale effect in the model. 

Finally, there was the difficulty that though the Eastern Bengal Railway 
have spent lakhs of rupees collecting data, it was totally inadequate, and the 
gaps had to be filled from experience , and except in the vicinity of the bridge 
there is no information about the strata below low water level and not much 
about the materials anywhere except at the surface 

This model has now been experimented with almost continuously for 
noarly 3 years, and a book could be written on what has been learnt 

One outstanding fact is that correct silt charge is an exceedingly important 
factor m this type of model, liccauso it has been found that where there are 
2 channels, one will open out with a particular silt charge and the other tend 
to silt, but with a different silt chargo this may be reversed. 

In this class of experiment, theory, except as a background, is of little 
help What brings success is a gift for diagnosing conditions, — enormously 
facilitated by clear water- -and a capacity to proscribe the correct remedy. 

13. Summary and Conclusions. 

The author's original intention was to group over 100 successful model 
investigations carried out at Poona , touching oil the salient features of each 
group Enumeration of the experiments had, however, to be omitted to cut 
down the length of the paper 

Eight main types of models aro described, with examples showing why 
some types present little difficulty and give results suitable for immediate 
application, whereas other types, especially those relating to alluvial rivers, 
prdfient very great practical difficulties 

Geometrically similar models in which parallel flow or free vortex flow are 
established give geometrically similar results provided they are not too small 
to make it possible to reproduce the boundary conditions of the prototype. 
In other cases full similarity is not attained. 

It is only in some models of types I, II and V that parallel-sided flumes 
give reliable results, all other types should be treated as 3-dimensional problems 
Channels may be divided into two classes: 

(o) Channels flowing within rigid boundaries. 

(b) Channels flowing in incoherent alluvium. 
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In the former, flow is under flumed conditions and a heavy super-charge 
of silt can be carried provided the slope is sufficiently steep Jn the other type, 
flow is ‘natural’, adjustments to changing conditions being brought about by 
soouring and silting Lindley, in 1919, put forward the original theory that 
‘the dimensions, width, depth and gradient of a channel to carry a given supply 
loaded with a given silt charge were all fixed by nature’ and some ten years 
later Gerald Lacey produced a series of formulffi which fixed gradient and 
shape of regime channels. 

According to Lacey, P = 2 07 y/Q, from which it follows that P/R 
712 V, where P = wetted perimeter, Q = discharge, R = hydraulic mean 
depth and V = velocity. This is the Lacey ‘final regime shape formula’. 
According to Lacey’s ‘initial regime formula’ V = M7\/ fR, where/ is the silt 
yt 

factor, which => 73 , and hence is proportional to V t /gR, the Froude 

number So, on the assumption that a regime channel approximates to a 
semi-ellipse, with the semi-circle as the limiting shape, the limiting discharge in 
cubic ft. per seoond = #i, m = 1 82// 2 Actually, however, for reasons explained 
in the paper, Q = 3-2 // 2 is the minimum discharge with which it is safe to 
work. 

From the Lacey formula and from Nikuradze’s work on roughened pipes 
it follows that the finer the silt, the larger the discharge required in the model. 

There is a natural regime silt charge, which varies with the discharge and 
silt grade, and there is a minimum velocity for each silt, below which the regime 
silt charge cannot be earned. 

For the same grade of silt, the lower the discharge the more sensitive is the 
model to a super-charge of silt. 

The regime conception must form the basis of all accurate model work 
dealing with movement of silt, and its division between offtakes. 

Expenments with combined erodible channels and rigid models present diffi- 
culties ; because the flow formula is different in the 2 parts, and hence a model 
whioh is identical in plan in model and prototype cannot give similar results. 
In many cases this can be overcome by ‘fitting’. Part of the difficulty is due 
to the fact that though vertical exaggeration has been adopted as common 
practice in model work, lateral exaggeration, which is also natural, has, so 
far as the author can determine, been overlooked. 

One of the best known types of models is the ‘tidal model’, which falls 
under the semi-ngid model type. In this, conditions are imposed, the sides, 
and in many cases a considerable part of the bed, being held against soour. 
Such models give valuable results provided they are correctly designed; but 
few conditions are imposed, either complete data must be available — which is 
^practically never the case in river work — or else results depend to a marked 
extent on the field experience of the experimenter. Rigid models are used in 
America for determining the effect of 'cut-offs’ on upstream water levels and 
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they give valuable information as to the immediate effect on water levels 
upstream , but that is all 

Models with mobile protection, eg tailing aprons, pier protection, etc. ( 
give geometrically similar results of great value 

In almost all experiments except Type I, scale effect is important , and in 
practice, where conditions are normally complex this oan best be determined by 
constructing 3 or more models of different sizes anil analyzing the data, 
whioh, if found suitable, can bo extrapolated to prototype scale. 

Combined rigid, mobile and meandering river models present many diffi- 
culties, because the laws governing each of the 3 typos, hero combined, are 
different. To solve such problems, experiments to determine the scale effect 
of various factors havo to be earned out in sets of separate models and the 
results of these combined and applied in the large, lull length model, changes 
being made by hand when conditions arise which the other experiments indicate 
would lead to changes occumng 

Though accurate results can be obtained in a model for one particular 
discharge, where discharges vary widely the degree of accuracy vanes at dif- 
ferent discharges and with low supplies difficulties arise in reproduemg scour 
in the model. This can lie partially overcome by selecting a suitable silt 
and having a varying discharge scale, but where the determination of scour 
with small discharges is important, separate large-scale part-models are 
required. 

The mam fact which follows from this paper is the importance of largo 
3-dimensional models, and at Poona the disehaiges now preferred range 
between 6 ousees and 20 cusecs in each model, but may be as much as 30 cusecs 
in a single model , and up to 520 cusecs have l>oen used m a model investigation 
of Type II 

Although in general the laigei the model the lietter the results, it must be 
remembered that doubling the size of a model, quadruples the area, tho dis- 
charge, and the labour involved, and increases the time factor to approximately 
1-0 times. 

The general conclusion is that in competent hands, a very wide rango of 
experiments with large models gives results of high qualitative accuracy and 
may also give quantitative accuracy, but, in the case of river models, the data 
available is generally meagre, and though the gaps in data can be filled to a 
large extent by an officer with wide field experience, so that a model can lie 
made to reproduce what has previously occurred in the prototype under known 
conditions of discharge and silt charge, the problems which generally have to 
be tackled are of immediate urgency, tho discharge data being inadequate and 
the silt charge data ml, and we are asked ‘ what will happen if nothing is done ? ’ 
or ‘ what should be done to prevent further damage 1 

Satisfactory answers depend to a marked extent on an intimate knowledge 
of the engineering side of the problems under consideration combined with a 
flair for diagnosis. 




RIVER PROBLEMS IN BENGAL. 

By S. C. Majumdae, Superintending Engineer, Department of Communications 
and Works, Irrigation Branch, Bengal. 

(Bead at Symposium, January 9, 1938 ) 


Formation of the Delta 

1. In a joint note (published with the ‘Report on the Hooghly river and. 

its Head Waters’, 1919) Messrs. Hayden and Pascoe of (lie 

“I!?™ Geologieal Survey of Tndia state that “the absence ot 
posit within 1300 “ J 

depth tertiary marine deposits, and the presence of tertiary fiesh 

water deposits, throughout the outer Himalaya from 
Dohra Dun to Sikkim shew that, since the elevation of the Himalaya, marine 
conditions have not existed in that area, nor is theie any evidence of the 
existence of such conditions at any point in the Gangetio plain between the 
Himalaya and the Peninsula” They admit that the evidence in suppoit of 
this theory is rather meagre, being derived from a fow borings at Ambala, 
Agra, Lucknow, Chandarnagore, Fort William and Port Canning, the deepest 
of which was only a little over 1,300 feet deep. But they argue that, in the 
absence of any evidence in favour of a contrary view, it would not be safe 
to reject the generally accepted conclusion, “ that the conditions prevailing 
over the Indo-Gangetic plain fiom comparatively early tertiary times have 
not been dissimilar to those that oxiat at the present day, and that there has 
been a slow but gradual subsidence jmrmitting ot the accumulation of an 
enormous mass of ulluvial deposits” In the ‘History of 
Enormous the Rivers in the Gangetic delta’ Mr C. Addams Williams, 
deposits by the ^ ® > * ate Chief Engineer, Irrigation Department, has also 
rivers. given prominence to the view, ‘that before the present 

upper strata of the delta were laid down, it appears 
that thero was an older delta composed of materials totally different to 
those deposited by the Ganges. A stratum of yellow clay and sand appears 
to underlie that upper and newer strata of blue clay and Rand. At Cowkhally 
oik the lower Hooghly the yellow clay is about 60 feet from the surfaco as shown 
by borings taken m 1914 At Kushtia there are outcrops of the same stratum, 
and the general outcrop appears to be roughly round the extreme edges of the 
present delta’. Mr Addams Williams concludes, ‘It appears that this delta 
was laid down by the rivers issuing from the north or north - 
The present ctt8 t, an( j that presumably the Ganges had not then become 
another ** older a ^ actor ln the case. The old delta was depressed and the 
d e l ta . Ganges appears to have then entered on the scene and began 

forming the new delta on the top of the old, from the 
neighbourhood of Rajmahal ’. 
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2. In dealing with the river problems as we find them to-day we are 
really only concerned with the concluding portions of both the extracts quoted 
above which establish the point that the land we live in, up to a depth that 
we need think of, was built up gradually by the silt earned by the nvers mainly 
from the Himalayas and partly from the hills of Chhota-Nagpur and the Sonthal 
Parganas. 

3 To appreciate the river problems m Bengal it is necessary to envisage 
H w th d lta k° W nver8 > especially the flanges, functioned in that 
was formed early age and are still functioning in building the land and in 

extending it towards the sea The process of raising and 
extension of the delta towards the sea has been going on for thousands of 
years, and it will probably continue for an indefinite length of time as the stock 
of building material, viz detritus carried by the rainwater 
ing * material 1 * gj * ovcr thousands of squure nules of catchment area, including 
most unlimited a considerable portion of the mighty Himalayas, is almost 
unlimited 

4 Millions of tons of this silt is thus being transported every year by the 
strong current of the flanges flood and brought down to its mouth, where the 
current is cheokod by conung in contact with the sea and the silt in suspension 
drops into the bed. Land was thus formed at the bead of the delta and as it 
began to extend, the Ganges, like the other delta builders, began to approach 
the sea in several diverging branches, enclosing and intersecting the delta 
already built, bo as to raise it in the quickest possible time and to extend it 
towards the sea in ever-increasing width Each branch earned its due share 
of the silt-laden flood and as the bank on either side was low to start with, 
it was inundated during floods with the lesult that silt 
close to* he^river* came< i m suspension was dropped on the bank which was 
thus gradually raised, the raising being more rapid nearer 

the river 


5. Along with this process oi raising the delta already built, so as to 
make it fit for human habitation, the other important function of extending the 
delta towards the sea was being earned on by the mam volume of the floods 
carried down the several diverging branches dropping the silt near to their 
mouths. 

A mere extension of the delta towards the sea-face would not be of much 
use, as what ib required is that it should be sufficiently raised so as to lie fit for 
human habitation and cultivation If the task of raising the delta was left 
entirely to the carriers of upland floods, the process would have been exceedingly 
slow as we can expect these floods only during the monsoon months, i.e 
o^yj^out of 12 months every year It is therefore in the economy of nature 
that the tides should come to our assistance m this respect. Tides flow up 
these nvite with strong velocity, twice daily throughout the year, and as there 
is a vast reservoir of unconsolidated silt at their mouths, deposited there by the 
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upland floods during the monsoon months, they pick up this silt almost to the 
saturation point, on their way inland So long as the hanks of these livers 
within tidal limits aie below the high-tide level and the rivers are free to 
spill, the silt laden tides perfoim e vac-fly the same function 
ruling the; 6 delta 1 as l, l^ an ^ H (M, d> vtz laising of the delta already built, 
with this difTeience that while the lattei function only 
during the actual floods in the monsoon the beneficent activity of the tides 
continues throughout the yeai 

fi The second function ot the tides is to fill up the intciior of the delta 
lying between the upland flood earners As mentioned above, the depth 
of silt, deposit by upland floods, or by the tides can led up these uvois, is 
gioatest close to the nver banks, where the velocity, which determines the 
propoition of silt that can lie c allied, is first checked, and as the spilling 
proceeds away horn the nvei banks the silt, content, ot the spilled water and 
consequently the depth of silt deposit is less and less If nature bad to depend 
entirely on this agency, the niea lying midway between the contiguous upland 
flood earneis would have remained low — probably m the shape of creeks 
extending from the sea, till these livers, aftei perfoiming the function of raising 
the banks dose to their channels would burst through the banks and follow 
tho low valleys This would have Ih'PH a slow process and to facilitate the 
woik of delta building, heio also nature iequisitions the services ot the tides 
which, picking up the silt on their way up these creeks or tidal rivers, gradually 
laise then beds and banks until they uie raised up to high-tide level and iendered 
fit for cultivation Theio is no doubt, that the source of this silt supply is 
tho detritus earned to the sea bv the upland floods for ages, but the tides by 
their constant movement keep it in an unconsolidated state and distribute it 
all along the delta-faee between the two mam estuaries, rn. those of the 
Hooghly and the Meghna 

7 It will lie clear hum the above that natuie has been employing both 
thc> agents, viz the upland flood earners and the tides m her work of delta 
building She has been assisted in her task by two fa- 
vouiable factors, viz the high ranges of the Himalayan 
system of mountains, whieh have been furnishing tho 
building material in abundance during the monsoon months, 
and the a bnormally high tidal range, due to the funnel- 
shaped form of the Bay of Bengal, which has been helping 
m distributing these materials twice daily throughout the 
year But though the abnormal tidal range at tho delta-face has been so helplul 
in raising tho delta — in fact raising it higher than what would have been possible 
if the range was lower— this very fact, however, has stood m the way of rapid 
extension of the delta towards the sea ; for, owing to the high tidal fJtngo, more 
and more of the alluvium brought down into the sea by the upland flood 
carriers is being dispeised along the delta-faeo to lx' picked up by the tides 
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travelling inland through innumerable tidal channels, and less and less of 
it has been deposited in a consolidated state to extend the delta. 

8. The high tidal range has also been helpful to navigation and it is not 

surprising that the people of Bengal look upon the rivers, 
High tidal t.ida.1 and non-tidal, with veneration, for they created 

navigation* *° l anc *> are draining and fertilizing it and are helping 

in carrying the produce Fertilization by tidal silt may not 
be apparent, but as the source of this silt is really what is carried by the 
upland floods, the mammal properties of which are so 
highly valued, it is only a question of time, r.e after 
the salt earned with tho tidal silt has been washed away 
by rains, before its fertilizing properties are manifested as is so amply demons- 
trated in the case of the reclaimed land in the Sunderbans 

9. Bengal being mainly an agricultural country, the rivers are the 
principal source of the economic wellbeing of the people. Where they are 

still active and are performing their original functions, as 
in East Bengal, the people are healthy and prosperous, 
where thoy arc deteriorating and their beneficial activities 
have been interrupted, cither duo to natural causes or 
through human interference, as in Central and Western 
Bengal, the area is progressively deteriorating both as regards the health of 
the people and the productivity of the soil. River problems in Bengal are 
thus virtually the problems for Rural Development in Bengal and have to be 
solved if she has to bo saved, especially her western and central parts which 
even as late as a century ago used to bo very healthy and prosperous, from 
reversion to swamps and jungles from which she was reclaimed by the rivers. 

For a proper appreciation of the ‘River problems m Bengal’ 
Rlversclassifled ... , . ... , , f ®. 

Into three groups auc * Dieir solution it would be convenient to classify the 
rivers, having regard to their special characteristics, into 
three groups as indicatod below 

10. Group I — Primary delta builders originating from the snow-capped 
Himalayas, maintaining a more or less perennial flow and navigable especially 
in their lower reachos. 


Function of 
rivers In Bengal. 


Rivers are an 
essential factor In 
Rural Develop- 
ment. 


Tho principal rivers in this group are (a) the Ganges series including the 
tributaries and the spill channels, (6) the Brahmaputra series including the 
Teesta and (c) the Meghna. By far the most important delta builder is of 
course tho Ganges which, traversing a length of 1,640 miles and draining an 
average annual rainfall of 42 inches over a oatchment area of 397,600 sq. 
miles and with the recorded maximum flood discharge of about 2,000,000 
cusecs (at Sara) has been mainly responsible in building, raising and fertilizing 
the delta. The Brahmaputra was originally a comparatively small river, but 
since her connection with the Tsan Po of Tibet through her tributory the 
Dihong (in Upper Assam), and subsequent additions of the floods of the 
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Teesta (since 1787), she has been a formidable rival of the Ganges and promises 
to play a more and more important part in the future She now traverses a 
length of 1 ,800 miles and drains an average annual rainfall of 88 inches (in the 
Assam valley) over a catchment area of about 361 ,000 sq miles 

11. Group II — Primary delta budders originating from the low hills of 
Chhota-Nagpur and the Sonthal Parganas such as the Damodar, the Ajay, 
the More, the Cossye, etc. They are torrential rivers, the flow being mainly 
confined to the monsoon months from Juno to September Though they 
bring in enormous volumes of floods at times (the maximum flood discharge 
of the Damodar, the largest of the group, with a catchment aiea of 7,200 sq 
miles, amounts to as much as 050,000 cusecs), they dwindle down to a mere 
trickle sometimes even during the rainy season, and during the dry spason 
there is practically no flow Though their contribution towards the building 
of the delta could not lie much compared with that of the Ganges, it is believed 
that the eastern portion of the Burdwan district and the western portion of the 
Hooghly and Howrah districts owe their origin to the delta building activity 
of the Damodar, and the eastern portion of Mulnapore district to that of the 
Cossye and the Kupnaram. Their value, however, lies in the tact that they 
constitute the only source available for supplying the water needed foi 


Irrigation re- 
quired in West- 
ern Bengal. 


artificial irrigation and for flood flushing T shall deal 
with flood flushing later but I propose to discuss the 
necessity of artificial irrigation and how this aspect of 
the problem can be solved at this stage, as lrngation is 


required in Western Bengal 

12. Though the total rainfall in Western Bengal is sufficient m normal 


Erratic distri- 
bution of rainfall 
in Western Ben- 
gal. 


years its distribution during the crop ]>enod is erratic, 
especially after the middle of Septemlier, when the rainfall 
is hardly sufficient to meet the requirements of the paddy 
crop Even in normal years artificial irrigation is thus a 
necessity in Western Bengal to ensure a normal harvest 


To provide an insurance against famine it is a vital necessity in years of abnor- 
mally low rainfall, which occur say once in 5 to 7 years. Again, since practically 
the whole of the rural population lives on agriculture and the allied industries 


and the raiyats are too poor to afford artificial manure, 
Ii rlgation the canal irrigation, by providing natural manure in the shape 
only means of 0 £ jngjjy fertilizing silt carried by the canal water, seems 
economic^ condi- on ty mea,ls available for increasing the yield 

tion of the people. f rom the land and improving the economic condition of the 
people. 


I do not propose to lengthen this paper by dealing in detail with this 
important factor in rural development in Western Bengal, as this aspect of 
the problem and its solution is more or less similar to what is being experienced 
in the rest of India. I shall merely emphasize some of the points that hav? 
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come to my knowledge in the course of my official duties and then pass on to 
other aspects of river problems which are peculiar to Bengal. 

13 Bengal has an important advantage over the rest of India in the fact 
that during the transplantation season, when a very large quantity of water 
is required by the crops, the rainfall is usually adequate. In fact in normal 
years artificial irrigation is usually required to meet the deficiencies of the 
north-eastern monsoon from the middle of September to the end of October 
Unfortunately this is the very time when the rivers in Western Bengal also 
bring in a rather scanty flow, though earlier in tho season, t e during the 
south-western monsoon, they usually bring m enormous volumes of floods 
which run to waste. It is, therefore, apparent that to meet the irrigation needs 
of Western Bengal storage is a necessity, i.e the water should be stored in 
natural storage works constructed in the upper valleys of 
Necessity for these torrential nvors in Western Bengal during floods and 
plement the river u^sed m times of scarcity. Storage works are no doubt 
fl 0W . costly, but as stored water has to lie supplied mainly m 

• October, when the requirement of crops is minimum, they 

are likely to be profitable undertakings in Bengal The urea that could be 
irrigated by a stream by its daily flow can ho increased many times over if only a 
portion of its flood could lie stored and utilised in times of scarcity to supplement 
the daily flow In Madras, whero storage works are also needed for the trans- 
plantation of paddy owing to the failure of the south-western monsoon, 1 m. 
Oft. of stored water can irrigate only about 5 acres Tn Bengal, on the other 
hand, for tho reasons mentioned before, it can irrigate over 30 acres Again, for 
growing sugarcane and rabi crops storage works seem to be an absolute 
necessity, as from November till April no ram is usually expected in Western 
Bengal 

14. But though storage schemes seem to bo an absolute necessity for the 
development of irrigation and tho economic uplift of tho 
In BengtdforVto* T >eo P' e ,n Western Bengal, owing to the flatness of the 
rage schemes. country it is difficult to obtain suitable sites for storage 
dams within the boundnues of tho Province For good 
sites we have really to search in the upper valleys of these nverH lying within 
the hilly regions of Chhota-Nagpur and the Sonthal Parganas in the Province 
of Bihar Two good sites have been discovered so far in connection with the 


investigation of the Dwarkeswar and More projects, and it 
Dwarto swar Re* 1H ostlrnnte d that by constructing suitable storage works, 
servolr Projects. e *° » a ^° u t 200,000 acres can be irrigated by the former 
and 432,000 acres by the latter 

15. Group nt : — Subsidiary delta builders or tidal rivers These are 
mainly the lower reaches of the rivers of groups I and II within tidal limits 
which, as has been explained above, continue their beneficent activities of 


raising, fertilizing and draining the lower portion of the delta twice daily 
throughout the year and help in transporting the produce of the whole country, 
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River Problems with reference to health and productivity 

OF THE SOIL. 

16 In all the accounts that have been preserved from ancient sources 
Bengal is reported to have been healthy and prosperous Bernier wrote about 
the middle of the 17th century “ The knowledge that 1 have acquired of Bengal 
in two visits inclines me to believe that it is richer than Egypt” Even as late 
as 1815 Hamilton wrote of Hooghly, Howrah and Burdwan, which area is now 
ono of the woist as regards health and impoverishment of the sod, as follows 
“ In productive agricultural value in proportion to its size, in the whole of 

Hindusthan Burdwan claims the first rank and Tanjorc 
Bengal highly 8eoolK l ” In her eastern parts where she is being nourished 
about 6 a° U century ^ ^ei nverH > Bengal still continues to be prosperous and 
a g 0 healthy Even m the rest of Bengal there is no dearth 

of water lesourccs but the growing deterioration in the 
health and in the productivity of the soil has to be traced to their faulty 
distribution Through some streams moie water flows than is necessary, 
frequently causing disastrous floods, while at other places the scanty flow 
through liatuial waterways lias caused serious deterioration, in many eases 
rendering them even incapable of draining the countryside Indeed, many of 
these streams which wore originally intended by nature 
Progressive de- — this is a phenomenon peculiar to deltaic areas — to spill 
terioration due to over {] 1( . l un ,| which they traverse and keep it in plenty 
faulty dlstrlbu- , , , _ r * 

tion of water supplying tho iieh silt of the Ganges, the Damodar, 
resources. cte , have now been converted into stagnant pools of water 

providing an excellent breeding ground for mosquitoes, 
and many a district of Bengal espe< lally m the centre and in the West has been 
rendered extremely unhealthy wuth steadily decreasing population and with 
land gradually going out of cultivation 

17 This faulty distribution of the available water resources which has 
brought about the present deplorable condition is attributable partly to 
human interference with tho natural process ot building up the delta and 

partly to natural causes The most prominent instance 
Faulty dlstri- () f human interference which has mainly affected the 
Button due to nvers ^ r0U p M jj aIK | TTI referred to above ih to be found 
ence and natural m the flood embankments, mainly m Western Bengal, 
causes. hut partly also m Cential Bengal which, by cutting off the 

flood spill and depriving the land of natural manure, have 
killed the net-work of natural spill and drainage channels within the area and 
have brought about the present deplorable condition 

18 There is no dearth of natural hydraulic resources. In faot Bengal 
has been highly favoured by nature in this respect. The rainfall, though 
somewhat erratic m distribution in the western parts, is normally quite 
adequate to meet the requirement of at least the Knnff crop in other 
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parts, and Bengal can count on abundant monsoon floods to nourish her 
soil with fertilizing silt and to kill the mosquito larvse if 
Solution lies In on iy th ese floods could be properly distributed. A more 
distribution 1181 *!)! ec l uifca ' t) l e distribution of the water resources is thus vitally 
the abundant needed for the rural development of Bengal. I shall now 
water resources go into the question somewhat closely dealing with each 
available in Ben- group of rivers separately and examine a representative 
type of each group in detail 

Rivers of group I. 

Primary delta builders originating from the Himalayas. 

19. The areas which have been adversely affected mainly by natural 
causes, » e. by major changes in the courses of the rivers of this group, are 
(1) in Central Bengal by the diversion of the Ganges through its present channel 
of the Padma sometime towards the beginning of the 16th century, (2) in 
North Bengal by the diversion of the Teesta sometime towards the end of the 

18th century (1787), and (3) in portions of Mymensingh 
district by the diversion of the main Brahmaputra through 
the present Jamuna channel soon after. There is no 
doubt as regards changes (2) and (3) as they occurred 
comparatively recently and can definitely be proved by 
reference to Rennel’s maps which were prepared earlier. 
Before the diversion, the Teesta used to discharge its waters 
through the Panarbhaba (a tributary of the Mahananda), 
the Atreyi and the Karatoa which used to fall directly into 
the Ganges. The large number of spill and drainage channels which intersect 
Northern Bengal wero, in consequence, allowed to continue their beneficent 
activities as explained above and the area was healthy and prosperous After 
the diversion of the Teesta, completely cutting off the head-water supply laden 
with fertilizing silt from the Himalayas, these channels are gradually deteriorat- 
ing, bringing m their train water-logging due to inadequate drainage and 
progressive deterioration of the country as regards health and productivity of 
the soil. 

20. Even as regards the Ganges it seems to have been an admitted fact 
hitherto that the Bhagirathi Originally constituted the main course of the 
Ganges till the end of the 15th century when the main channel was diverted 

along the present Padma channel. In recent years, how- 
Canal theory eV er, this view has been challenged by the late Sir William 

t regarding the w ^ 0 in a lecture delivered before the Calcutta 

gin of the 

agirathl un- University in 1930, has propounded the rather extraordinary 
ia ble. theory that the Bhagirathi and other rivers in Central 

Bengal were originally really canals excavated by the old 
1 Hindu rulers of Bengal for the purposes of overflow irrigation, 
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As the challenge has come from a delta Engineer of tho reputation of Sir 
William, it seems necessary to examine this point in some detail 

21 A glance at the map of Bengal will show that the extension of the 

delta towards the sea is greatest towards its western end, 
Evidence In » e along the Hooghly estuary, and least at its eastern 

support of the en( ] te along the Mcghna estuury, the present outfall 
established theo- £ the Ganges. This is m spite of the fact that the Meghna 
ry that the Bha- e „ , r . , , b 

girathl was the w, f uar y 1H tt * HO receiving the Hood ol the Brahmaputra 
original course of which, since her connection with the Tsan Po of Tibet, is 
the main Ganges, probably much larger in volume than that ol the Ganges 
This ought to serve as conclusive evidence m suppoit of 
the established theory that the main volume ot tho Ganges flood, which 
constitutes the mam delta builder, has been passing down the Hooghly estuary 
for a much longer period than along the Meghna as at present, unless it can 
lie proved that there were other delta builders discharging into the Hooghly 
and contiguous estuaries to the east, floods even larger in volume than thut 
of the Ganges, Brahmaputra and Meghna combined Such a river does not 
exist and could not possibly have existed in tho present geological epoch 
Taking the present geological disposition of watersheds and considering the 
present meteorological conditions, such a river or rivers could have drained 
only an average rainfall of about 50 inches from the catchment area of about 
25,000 sq miles, which is roughly the combined catchment areas of the rivers 
of Western Bengal originating from tho hills of Chhota-Nagpur and the Sonthal 
Parganas. As compared with this, the Ganges alone drains an average 
rainfall of 42 inches over a catchment area of 397,500 sq miles, and the 
Brahmaputra, even before her connection with the Tsan Po of Tibet, had a very 
largo catchment area in the submontane region of Assam with an average 
ramlall of about 88 inches According to Sir William Willeoeks tho south 
western portion of Central Bengal was also built up by the Damodar. 
That this theory is not at all tenable will be apparent from the fact that the 
Damodar has a catchment area^if only 7,200 sq miles with an average rainfall 
of about 50 inches Its maximum flood discharge is only 050,000 eusecs as 
compared with 2,000,000 eusecs of the Ganges Floods of this order again 
oqpur only at long intervals (1913 and 1935) and aro short-lived, of not more 
than 2 or 3 days at a time The average flood discharge of the Damodar 
and all the Western streams combined will be a mere fraction of that of the 
Ganges 

22 Among other evidences in support of the established theory the 
following may be mentioned — 

Religious and traditional evidence. 

From the mythological penod the Hindus have considered the Ganges 
as sacred and people by thousands have been going on pilgrimage to places on 
(;he banks of the Ganges such as Navadwip, Katwa, Tribem (a few miles above 
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Hooghly town and also called Mukta Bern where the Ganga, Jamuna and 
Saraswati, which were united at Allahabad, were separated), Kahghat and 
Ganga Saugor, all situated on the Bhagirathi or the Hooghly below the present 
offtake from the Ganges No such sanctity attaches to the Padma below the 
Bhagirathi offtake nor is there any place of pilgrimage on her banks (N.B 
Major Hirst has dealt with this matter more fully in his report ‘Nadia Rivers, 
1915 ’ ) 

Historical evidence 

Pliny (116 AD) and Ptolemy (140 AD.) mention Tnbem referred to 
above Arrian (161 AD) refers to Katadupa or Katwa (Notes by 
Mr Reaks published with the report on the Hooghly river and its head waters.) 
No such places of antiquity are found on the banks of the Padma 

I am also informed by my brother Dr R 0 Majumdar of the Dacca 
University that there is indisputable historical evidence, for instance, in the 
Kbalimpur Copper Plate of King Dharmapala (7H0-820 A D ) to show that 
the Ganges, oven above Rajmahal, was also called the Bhagirathi m the olden 
days Tho Padma has never buen called by this name, but tho western branch 
is still called the Bhagirathi, .thus estabhshmg the point that the latter was 
really the main course of the Ganges, and that the Padma (if it was really in 
existence then) was either unconnected with that river in the olden days, or 
it was a branch not large enough to claim tho honour of bearing the same name 
with the mam river 

23 It is also a matter of history that Gaur on the Bhagirathi was the 
capital of Bengal up to the boginning of the 16th century, and I quote the 
following from Major Hirst’s report on “Nadia Rivers” (1915) to shew that 
the Padma could not have existed in those days ns a branch of the Ganges 
and, even if it did exist, it must have been a comparatively minor channel, as 
otherwise both the upper and lower reaches separated by the Padma could not 
have been named the Bhagirathi as we find it up to tho present day — 

" The upper Bhagirathi (Gaur arm) meets the Ganges and the Padma at 
the place whore the Ganges loses its name The lower Bhagirathi (Upper 
Hooghly) emanates from tho present Ganges on the south bank practically 
opposite the mouth of the upper Bhagirathi. The alignment of the upper and 
lower Bhagirathi streams is essentially one which a river would follow and the 
only portion of the alignment that is missing is occupied by the main bed of 
the Ganges. From this fact it is clear that if the upper Bhagirathi was the 
(bain Ganges originally, and the history of Gaur proves that point, then the 
Padma as a main river is a more recent channel than the Bhagirathi upper and 
lower.” 
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24. Major Hirst further remarks that “There was a severe earthquake 

in 1505 A D and shortly after it, the (ranges left its old 
Major Hirst’s course past Gaur and retreated southw aids The cause of 
m a j'o r* c h a n g e / i n ^ UH K r,1, d change is not know n, but it may have been duo to 
the river courses. ear tl> movements between the old alluvium of Malda and 
Chhotanagpur outliers ” In tact Major Hust attributes 
the major changes of the liver com sen in Bengal to tectonic activity which 
thcoiy has not, however, been accepted by geological exjjerts (Messrs Harden 
and Pascoe of the Geological Nuivey of India, rule KejHirt on the llooghly 
river and its Head waters, 101 ff) 

25. But it does not seem to Ik 4 necessary to rely on tectonic activity to 
find an explanation for the changes in the courses of rivers m deltaic Bengal 
which seem to lie not only inherent m then very nature but necessary for the 
purpose of building and raising tho delta 

In the process of building up the delta, the liver has a tendency to oscillate 
within wide limits, first, flowing on one side and after the 
Simpler expla- riparian tracts have been raised to a certain extent, it 

nation offered | H „ h ^ thiough its bonks and opens up new channels through 
which seems to * , , r , , , . 

be more prob- K> fom l )Hra tnely lowei aieas ol tho contiguous tract and 
able. so on After these latter areas have been laised suffi- 

ciently tbe piooess is reversed to raise still higher the 
tract which has been raised alicadv This is peifectly consistent with the 
natutal conditions governing the flow of a nver which, following the immut- 
able laws of nature, always tends to take tho line of least resistance The 
lower land not only gives it a bcttei hydraulic slope hut by providing better 
facilities for spill, and consequently abstracting huge portion of its silt burden, 
helps to maintain the nvei in a moie efficient condition than if it has to pass 
through higher land 

2ti Bel ore tho diversion of the Ganges, tho Malmnanda ami North 
Bengal livers piobably had an independent outfall more oi less along the 
present Padma channel Tho shifting of tho Blmgirathi or tho Ganges south- 
wards of Gaur, mentioned by Major iinst, made the condition favourable for 
a cut-off between the left hank ot the Bhagiratln or the Bhairab which jirobably 
constituted the easternmost branch and the right bank of tho Muhnnanda 
OwBig to the existence of lower land to the east, which hud not reeeiv ed so much 
attention hitherto as the western aiea as regards delta building activity, this 
Mahananda outfall after the above cut-off, rapidly developed and constituted 
the main course of the Ganges and the lowei Bhagiratln Imgan to deterioiate 

Cenluil B< ngul. 

27. There is no doubt that Onttal Bengal has been built up by the silt 
carried by the Ganges which, in the olden days, used to distribute her waters 
mainly through the Bhairab, which probably constituted the easternmost 
branch, and the Bhagirathi in the lower reaches, trifurcated into throe 
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main branches at Tribeni a few miles above Hooghly, viz. the Jamuna, the 
Bhagirathi (or Hooghly) and the Saras wati. Since the diversion of the Ganges 
flood, however, through the Padma channel, these rivers began to deteriorate. 

The Bhagirathi, which once constituted the mam channel 
of the Ganges, now remains practically cut-off from this 
river, except during floods, and moreover the share of the 
Ganges flood it now receives is almost insignificant as 
compared with what used to pass before the diversion. 
In consequence, its western and eastern branches, viz the 
Saraswati and the Jamuna, are now dead and the Bhagirathi sIho would 
probably have shared the same fate but for the rivers in Western Bengal, 
which have their outfalls into this river, and the tidal flushing in the lower 
reaches which, thanks to the conservanoy measures of the Calcutta Port 
Trust, is being allowed as freely as is possible. In the upper reaches, however, 
the river is fast deteriorating and even m the lower reaches its condition is not 
free from anxiety as further deterioration will threaten the very existence of 
Calcutta as a Port. The Bhairab also is now dead having been cut through 
first by the Jalangi and then by the Mathabhanga Those latter nvers opened 
up comparatively recently after the diversion of the Ganges but they are also 
fast deteriorating (partly due to artificial interference) and, though not com- 
pletely dead yet, can no longer draw sufficient water from the Ganges to be 
able to spill over the land nor to keep their distributaries alive The large 
number of distributary channels such as the Nabaganga, the Chitra, Kobadak, 
Betna, Kodla, etc., which used to distribute this spill equitably over the entire 
area, have also died or are dying, resulting not only in the progressive im- 
poverishment of the soil but acute difficulty in drainage 
and water-logging Practically the whole area traversed 
by these ohannels is highly malarious and unless the old 
conditions of flushing by the Ganges flood can be restored, 
this area will gradually rovert to swamps and jungles 
from which it was reclaimed by the rivers. 

28. The principal spill channels which are not yet completely dead and 
on which we have to depend for the purpose of drawing from the Ganges and 
carrying a portion of her flood for flushing this area are the Bhagirathi, the 
Jalangi and the Mathabhanga. In view of the apparent 
Technical tendency of nature to enrich the Padma at the expense 
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of these rivers, the question of primary importance to be 
considered in connection with their improvement is whether 
an appreciable portion of the Ganges flood can at all be 
induced to pass through them in preference to the Padma 
of which the hydraulic conditions are of course much more 
efficient. The late Sir William Willcocks advocated the construction of a 
barrage across the Ganges with a view to induce a portion of the Ganges 
flood to pass through these channels, But- the cost of the barrage together 
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with that of the river protective works that would bo necessary to prevent 

„ _ outflanking and their maintenance would be so heavy 

Ganges Barrage. e J 

that those who have to finance the scheme may not be 

disposed to seriously discuss it in the present economic condition of Bengal 
We have, therefore, to consider the question of improvement ot these rivers 
without the barrage 

29. It may first lie considered whether the Ganges has peimanently or 
only temporarily forsaken this tract In view of the characteristics of deltaic 
rivers as explained above, especially m paia 25, it seems teasonable to expot t 
that after the Ganges has raised the tract through which she is now flowing, 
she will again turn her attention to Central Bengal and the present decadent 
rivers of these parts may impiove Tt may be mentioned here that an autho- 
ntative Committee recently examined the question of the head wateis of the 
Hooghly and, after examining all the evidences on the subject, stressed the 
impoitance of the Gangos freshets cairied by the Nadia rivers (Bhaguatln, 
the Jalangi and the Mathabhanga), and came to the conclusion that these 
rivers pass through successive phases of deterioration and improvement and 
that thero is no definite proof that they have permanently detcrioiated to any 
great extent (Report on the Hooghly River atui its Head Waters) 

30. In this connection it may be mentioned that diversion of the Brah- 
maputra through the pie&ent Jamuna channel, which meets the Ganges just 
above Goalundo, might have given some of these Nadia rivers (at least the 
Mathabhanga which is nearest to the junction) a chance ot revival The 

Brahmaputra flood usually roaches the junction earlier and 
f ^the^ Brahma * aota more or * e8a ftH tt l )Arra B© trying to hold up the Ganges 
putra flood. flood to seek some other outlet higher up But, unfortu- 

nately for the Nadia rivers, such an outlet was found in 
the Gorai which, in Runnel's time, was only a minor channel but which bus 
since considerably developed. As thero is an extensive 
Development of aroft j ow j an( j y e t to raise, the Gorai will probably con- 
tinue to develop In fact, even apart from raising and for- 
tihztpg extensive areas of low land along her left bank in the District of Fandpur, 
thanks to the Halifax Cut made by the District Board of Jessorc in 1901-02 
connecting the Madhumati (lower reach of the Gorai) and the Nabaganga, 
the Madhumati is now discharging the delta building functions, left unfinished 
by the Bhairab and the minor spill channels Nabaganga, Chitra, etc., in the 
eastern portions of Jessore and Khulna districts. It is, however, possible 
that after these lower areas have been raised the barrage effect caused by the 
Brahmaputra flood may even reach the neighbourhood of the Mathabhanga 
offtake and a larger portion of the Ganges flood might be induced to flow' down 
that channel. 
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31. The popular view is that the Hardinge Brnlge, which was completed 
in 1915, might also help in improving the Mathabhanga. 
But the offtake of the Mathabhanga being located about 
25 miles higher up the (ianges, it does not appear that the 
bridge has caused a sufficient afflux yet to effect any mate- 
rial improvement of the Mathabhanga 
About half the width of the Ganges underneath the bridge has however 
silted up well above tho low water level along the left bank As widemng of 
the channel along the right or southern bank is being prevented by extensive 
bank protective works and as deepening by scour is being restricted by exten- 
sive stone dumping round the piers, it seems possible that this budge may m 
future act more and more ns a barrage, with larger and 
larger afflux, holding up the Ganges flood to seek an outlet 
higher up If, however, the afflux increases materially, it 
seems more likely that the river will find this outlet m 
the Lalpur bight, a few miles above Sara on the left bank, 
and there will be an avulsion through tho extensive low 
areas near about C'halan Bd, outflanking the Hardinge 
bridge on tho north But till this catastrophe occurs, the 
effect of the increase in tho afflux, if any, will probably 
bo to improve the Mathabhanga 

32 We may have to wait for deoades or perhaps centuries befoie nature 
turns her attention to Central Bengal and the point for consideration is whether 
it is not possible to effect any lasting improvement of these rivers by artificial 
means. Railway authorities should also be interested in this matter, for 
diversion of an appreciable portion of the Ganges flood through tho Nadia 
rivers ought to relieve the pressure on the Hardinge bridge thus reducing the 
cost of its maintenance and averting a possible danger of avulsion on the 
left bank as discussed above The recent changes m tho Ganges which might 
be attributable to the causes referred to above swm to be hopeful. Tho huge 
char which hitherto masked the offtake of the Mathabhanga has practically 
disappeared and its position in relation to the Ganges is 
offtake* 18 appears definitely improving. The ofltakrs of the other two 
to be Improving, principal spill channels in Central Bengal, viz. tho Jalangi 
and the Bhogirnthi are also showing signs of improvement 
though not to the same extent as the Mathabhanga 

33. But mere improvement of the offtakes is not enough . it merely shows 
the tendency of nature To lie able to utilise fully these tendencies to our 
advantage, it is necessary to improve the carrying capacities of these channels 
and provide suitable outlets of distributory channels of adequate capacity, 
and other facilities for spill over the country side. For, unless the increased 
discharge that could be drawn in view of the favourable position of the offtakes, 
could be earned by these channels and disposed of, no material improvement 
over the present condition can be expeoted The function allotted by nature 
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to these spill channels m deltaic Bengal is that they should spill ovei the land 
during floods and deposit the highly fertilizing sdt earned l>y the flood water 
Being relieved of the silt burden, the comparatively deal watei should then 
flow down these channels and maintain them in an ofhcient condition If it 
is not allowed to spill a good portion of its silt content, the flood water entering 
these channels, owing to the leduced velocity due to flatter gradient available 
in the lower portion of Bengal will not be able to tiansport the large quantity 
of sdt and will deposit it m their beds, thus again deteriorating the channels 
Improvement by di edging or by hand cut, where feasible, will no doubt be 
necessary initially to give these works of impiovement a good start But it 
is impossible to maintain a river by dredging alone, foi , 
Dredging alone a , )ar ^ f rom (| le question of <ost, the dredged sod has neees- 
cannot maintain > . , , , , .it. > , iL 

. . sarny to be deposited on the banks close to the nvci 

a channel per- J ' 

manently. channels, which will go on using us the (hedging continues 

and soon reach a height bevond the lilt of the diedgei 
An essential condition of success, therefore, is that, altei their initial improve- 
ment, forces, which wero m opcintion before, when these channels were in a 
live condition, should be restored so that thoy may again 
Land flushing se lf. lmun taimng or, in other words, thoy should lie 
preservation of a ^ owp '^ to spill extensively over their banks without 
spill channels. hindrance as far as possible To what extent this may be 
feasible, it is not possible to sav without a contour survey 
with lines of levels taken at fairly dose mteivals, and detailed investigation 
made as regards the vested inteiests that are likclv to be adversely affected, 
and the remedial measures to be adopted to safeguard those interests The 
problem is undoubtedly a very complicated one and what I wish to emphasise* 
is that no piecemeal solution is i cully possible, and the problem has to be 
thought out and dealt with comprehensively. 

34 About one point, however, there seems to bo no doubt, nz the 
necessity for a substitute crop m the lower areas which will not be affected 
adversely by uncontrolled flushing when the Ganges is in flood in August 
and September Tn the case also of these lower areas, mostly 'hiW and ‘ baorts ' , 
the problem to be solved is one of premature reclamation But since the* 
vested interests have already been created and now constitute the source of 
livelihood of a large number of people, we have to face the problem as it stands 
and find a solution The only practicable solution appears 
to be that raiyats should be encouraged to glow m these 
bills and other low*er areas a crop which can be harvested 
before the Ganges rises sufficiently high early m August, 
or a crop like the long-stem paddy of East Bengal which 
grows with the rise in water level and will not lie damaged 
by uncontrolled flushing In any ease, unless a practicable 
solution can lie found for this problem, the prospect of 
flood flushing schemes for Central Bengal, which appears 


Introduction of 
a substitute crop 
for the lower 
ureas of Central 
Bengal seems to 
be an essential 
preliminary to 
flood flushing 
scheme. 



466 a. o. HAJUMDAb : rIvBr problems In bEngaI. 

to be urgently necessary to arrest the growing deterioration in health and 
productivity of the soil, as also to revive the dying spill ohannels, seems to be 
rather gloomy. It does not appear to be feasible to have controlled flushing 
without a barrage across the Ganges, the oost of which will of course bo prohi- 
bitive. But even if the flushing could be controlled, the lower land, the b%ls 
and other low areas are likely to be inundated, in the process of flushing to a 
depth which will probably make it impossible to continue the present method 
of cultivation We had practical experience of this difficulty during the recent 
high floods when, owing to the abnormally high flood level of the Ganges and 
of its spill channels, the crops over a large area of Central Bengal were damaged. 
Necessity for growing in these low areas a suitable substitute crop, as an essen- 
tial preliminary step before launching a flood flushing schemo, cannot therefore 
be exaggerated. 


Group II — Primary delta builders originating from the hills of 
Chhota-Naopur and the Sonthal Paeganas 

35 The rivers of this group serve Western Bengal (the whole of the 
Burdwan division) and in the western portion of this tract they pass through 
a non-deltaio region. The problems presented for solution in this • region, 
viz. thoso in connection with irrigation, are common to the 
Unique prob- rest of India and have already been dealt with. The east- 
the* ^ embanked ern P 01 ^ 100 °f t ^ e tract is deltaic, and due to human 
rivers in Western interference with the beneficent activities of the rivers 
Bengal. traversing this portion, has given nse to problems which 

are unique and it is doubtful if a satisfactory solution can 

be found at all. 

36. The area is flat and has been built up by the silt carried by these 
rivers of Western Bengal, particularly the Cossye in Midnapur district and 
the Damodar and the Ajay in Burdwan district But before the land could 
be sufficiently raised by such natural deposits it began to be reclaimed by flood 
embankments long before the British occupation. In those days, these 
embankments do not appear to have been efficiently maintained by tho Zemin- 
dars and breachos were frequent Though this caused temporary inconvenience 
and damage, the land used to be flushed occasionally by silt-laden floods and 
the health and the productivity of tho soil did not deteriorate to the same 
extent as at present The evil effects of these embankments were not of course 
realised in those days and for efficient maintenance they were gradually taken 
over by Government and improved with the object of preventing breaches as 
far as possible. In consequenoe, though the breaches are now less frequent 
and the protection enjoyed by the people is now more thorough, this very fact 



S. 0. MAJUMDAR : RIVER PROBLEMS IN BENGAL. 


457 


haa brought into prominence the evil effects of those embankments The 
land has been deprived of even the occasional flushing with 
Premature re- silt-laden flood-water, which it was enjoying when these 
clamation by em- embankments were inefficiently maintained by the Zemin- 
ponslble" * ^or dars This * 8 no ^ on ^ cau8,,1 K progressive deterioration in 
present deter- P u hhc health and productivity of the soil but, being deprived 
(oration. of their source of sustonanoe, viz the rivor spills, the natural 

channels within the embanked area, havo all badly deterio- 
rated and the difficulty of draining these areas is becoming more and more 
aoute 

37. The embankments have thus prevented the gradual rise of the land 
by silt deposits during flood flushing. Indeed, it is actually becoming gradually 
lower, though at a very slow rate, due to the loss of the surfaco soil washed 
away by the rains. To make the case worse the floods, confined within em- 
bankments and unable to spill and deposit on the land as was intended by 
nature, are depositing a portion of the sdt-contents within the river beds which 

are gradually rising The Irrigation Engineers m Bengal 
Drainage dim- are thufi f ftoe ^ wl th the most unenviable situation created by 
culty gradually 

increasing the low level of the land to be drained and the rise of the 

river beds into which the drainage has ultimately to be 
disposed of, and it has already become impossible to drain some areas by 
gravity As a direct consequence of embanking these rivers and preventing 
free spill over the countryside there was a considerable rise 
Tendency of m the flood level soon after these embankments were cons- 
flood level to rise tructed and this level is tending to rise higher and higher 
necessitating 6 f * 

higher and high- 0Win K to the gradual rise of the river bods, necessitating 
er embankments, higher and higher embankments to prevent overflow by the 
floods Indeed, during the Damodar floods of 1935 it was 
observed that, though the embankment was over 20 feot higher than tho 
country level, at some places it was about to be overflowed, 
Sudden and and this could be prevented only by raising the embank- 
concentrated dls- men t during the progress of the flood. Tt is noedless 
breaches ***' much 9ft ^ ^at breaches at Buch places would have been at- 

mqp-e harmful ^nded with disastrous consequences to the countryside 

than gradual owing to the terrific velocity which a wall of water over 

inundation. 20 feet high rushing out of the breach would have generated, 

sweeping away everything in its way — houses, cattle and 
even human beings. 

38. The potential danger to life and property that is likely to be caused 
by oonoentrated discharge through breaches at low places needs special mention 
and it is in such areas where high embankments have necessarily to be main- 
tained, that breaches are more likely to occur In faot, there is a limit as 
regards depth of water which can safely be withheld by unprotected earthen 
tpunds. At some places in the Damodar Embankment this limit has almost 
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been reached and, if the flood level rises higher, it will probably be necessary 
to go in for expensive surface protection of these embankments. But even 
then these earthen bunds can hardly be made breach-proof, for a little rat- 
hole may easily lead to a disaster; and where there are 
Occasional hundreds of miles of such embankments to look after, it 
earthen embank" 18 ft ^ most > m P 08a iWe to ensure that all such tiny holes have 
ments can hardly ' 1)een ducted and attended to in proper time In fact, 
be avoided. such holes are usually oovered by vegetation and can only 

be detected when the flood level has reached their river side 
ends, and if these ends are located high up the slope they may not be detected 
till the flood has risen very high, when it may be too late to do anything. In 
view of these difficulties occasional breaches in the unprotected earthen 
embankments and the consequent loss of life and property caused by concen- 
trated discharge can hardly be avoided and it is surprising that they do not 
occur oftener than is the case at present 

39. On the other hand what would happen if these rivers were left in 
their natural condition? The conditions now prevailing m Eastern Bengal 
furnish the answer No doubt there would have been flooding of the area now 
inefficiently protected by the embankment, but the flood being allowed to 
spill over the countryside, the depth of flooding would have been much less 
and it would be lower and lower as the land rose higher and higher by the silt 
deposit What I wish to emphasise is that there would have been no loss of 
life or property that is now caused by the high velocity of concentrated dis- 
charge through breaches. Moreover, there would be no distress among the 
people for, being accustomed to annual flooding, they would have erected their 
houses on mounds above the flood level, as is the practice in Eastern Bengal 
40 The position is undoubtedly very serious and unless a bold policy 
^ ^ 1 of improvement is followed, this tract will, m course of 

needed time, revert to swamps and jungles from which it was 

prematurely reclaimed in the olden days. The ideal solu- 
tion would be to remove the cause of deterioration, t e. the embankments, 
and raise the land and increase its productivity by allow- 
lohithm * > n 8 the flood water to spill and deposit the silt which is 

very nch in manure. Where possible this solution should 
certainly be adopted. Millions of tons of this valuable silt is now being carried 
away by the floods and lost to the country and the land, 
Land la starv- for which this silt was intended by nature, is starving, 
inft while lta Above the tidal limits, where the water is sweet, such 
source of sue- na fc ura i flood flushing need not necessarily destroy crops nor 
carried by the cause 8UC ^ acute distress amongst the people as is now 
river floods Into being caused occasionally by the concentrated discharge 
the sea. through breaches in the embankments. For, when the 

embankments are removed, the flood level will also fall 
considerably lower, as compared with its present level, and as the floods in 
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these parts are short lived, lasting not more than 2 or 3 days at a time, such 
flooding may even be beneficial to the crops except m years of very high 
floods when, no doubt, the crops will be destroyed till these lands have 
been sufficiently raised by the silt deposit The loss, however, will bo more 
than compensated for by the increased yield in normal years due to the ma- 
nunal value of the silt and improvement in health As regards distress caused 
to the people by the collapse of houses it can certainly be avoided or at least 
minimised by erecting houses on earthen mounds and by avoiding mud walls, 
as is the practice in Eastern Bengal 

41 In most of the areas, however, owing to important vested interests 
such as the existence of railways, towns, etc , such un- 
Important controlled flood flushing is hardly practicable and here wo 
vested Interests must be satisfied with limited flushing as may be found 
come In the way possible by drawing the flood water through regulated 
beln b<>1 followed esCA P ea ^ ^ built on these embankments It is quite 
and controlled P 0881 ^ 6 to introduce such limited flushing in the area 
flood flushing lying between the Cossye, the Selye and the Roopnarain 
seems to be the rivers in Midnapore district and that lying between the 
only practicable Damodar, the Banka and the Hooghly rivers in Burdwan, 
solution. Hooghly and Howrah districts For this latter area 

considerable progress has already been made towards tho 
proposal of a flood flushing scheme A contour survey of the area was made 
a few years ago and the Government, on being advised that such a Bchcmo is 
technically feasible, appointed a special officer to prepare 
In^^nd^lrriga an a PP rox,mato estimate of cost This estimate has since 

tion scheme been prepared and it was found during scrutiny that a 

mere flood flushing scheme, without provision to ensure 
irrigation in October, when ram and river supply both fail in these parts, 
though highly beneficial as regards improvement m sanitation and produc- 
tivity of the soil, cannot ensure good harvest except in years of well distributed 
rainfall, and as such is neither likely to be popular nor financially sound 
Necessary orders were accordingly issued to make such provisions, i.e a storago 
reservoir in the upper valleys of the Damodar river and a Barrage across the 
Damodar near Burdwan. The rough cost of the combined flushing and 
irrigation scheme, including the above provisions for October irrigation, comes 
to Rs. 2,72,77,000 and it is intended not only to irrigate an area of 3,50,000 


acres, where crops periodically fail for want of timely rainfall, thereby ensuring 
a good harvest in every year, but also to improve materially the sanitation and 
productivity of the soil by adequate flushing with the highly fertilizing 
silt-laden water of the Damodar floods. Tho next step is to preparo the detailed 
project estimate for which purpose one temporary Circle has recently been 
formed. The area proposed to be served by the project used to be one of the 
healthiest and most prosperous in Bengal, and though it has deteriorated to 
its present deplorable condition mainly by the acts of man, it is hoped that 
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human agency will again make it possible to retrieve the situation and to restore 
the area to its original condition of health and plenty. 

42. It may be mentioned here that as soon as the evil effects of the em- 
bankments were realised the Bengal Embankment Act was passed In this 
Act there is an important provision making it a criminal offence to construct 
embankments, without previous permission, within oertain areas which are 
being declared as prohibited from time to time. The area is, however, vast 
and enforcement of this provision, which involves frequent detailed inspection 
of the countryside and prosecution of the offenders, is proving rather a heavy 
burden with the very inadequate staff. 

43. Even apart from the question of flood flushing, so necessary in the 
interest of health and productivity of the soil, the quostion of maintenance of 
these rivers is presenting problems of a more and more serious nature as the 
years pass. Considering the Damodar as a representative of this group of 
torrential nvers it may be mentioned that this channel near about Burdwan 
is barely sufficient to carry more than say 2,50,000 cusecs which represent 

its normal flood discharge. This capacity is again being 
Increasing progressively reduced due to the gradual rise of the bed 
difficulty In the m consequence of the marginal embankments and, in the 
the Damodar In lower roac hes, owing to large quantities of silt brought in by 
her present the tides twice daily throughout the year, which the occa- 
channel. sional floods during the rains cannot clear, it can hardly 

carry more than say 50,000 ousecs. The potential danger 
of a flood of tho order of 6,50,000 cusecs as occurred in 1913 and 1935 rushing 
down thiB channel can easily be imagined. 

44. Originally the river was embanked on both sides but, appreciating 
this potential danger, the right embankment was abandoned towards the 
middle of the last century. This no doubt relieved the pressure on tho left 

embankment for a time. But the right bank is also gra- 
Abandonment dually being raised by the silt deposit with more and more 
bankment* 1 * *has P ressure thrown on the left embankment and the time 
not solved the “ n °t & r distant when it will be impossible to maintain 
problem. the left embankment, unless nature finds a remedy by 

cutting through the exposed right bank an escape into the 
Roopnarain, or it is provided by an artificial cut at a heavy oost. In fact nature 
appears to have already cut an escape in the Begua khal which is now carrying 
a considerable volume of the Damodar flood into the Roopnarain, but it takes 
off too far down the river and about 35 miles of the left embankment protecting 
a thickly populated area, including the town of Burdwan and the E.I. 
Railway line which runs very close to this portion of the embankment, is still 
being exposed to the full pressure of the Damodar flood, this is bound to 
increase more and more as the right bank and the river bed continue to rise by 
silt deposit, 
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46 If there were no flood embankments on either side as was intended 
by nature, the gain in elevation of the bank by silt deposit would at least have 
kept pace with the rise in the river bed as has been experienced m the case 
of the Nile It appears that the Nile was embanked only recently and thut 
before then “ during the Christian era while the matter deposited by the over- 
flow of the Nile has raised the surface of Egypt by 4£ inches per century, the 
bed of the river has also been raised at the same rate” (Samuolson in his “Note 
on the Irrawadi river ” quoted in Mr Roak’s Report on Nadia Rivers) If 
both the embankments were retained, the country level on both the banks 
would have remained the same and though an avulsion would have lieen in- 
evitable ultimately, owing to the gradual nso of the river bed and conse- 
quently of the flood level, it would have been left to nature to cut it either 
through the left bank towards the Hooghly or through the right bank towards 
the Roopnarain, probably the latter (as is evidenced by tho natural formation 
of the Begua escape), owing to open country available on that side as compared 
with the left, where the country is full of obstructions such as E.T. Railway 
and G T Road embankments, etc The policy of abandonment of the right 
embankment and retention of the left, on tho other hand, has resulted in the 
rapid rise of tho country level on the right side , that on the 
left side has even probably been lowered by surface wash- 
ing caused by the local rainfall The inevitable conse- 
quence, therefore, it seems to mo, will be that nature will 
try to force an avulsion through the left bank towards the 
Hooghly unless we can tako adequate remedial measures 

46. Such an avulsion will of course mean a serious disaster for, apart 
from the very large vested interests on the left bank which will be adversely 
affected, the important city of Calcutta and the largo 
business interests on either bank of the Hooghly will be 
m great danger. It is no doubt true that till the middle 
of the 18th Century one of tho Damodar outfalls was at 
Noaserai, a few miles above Hooghly town, but owmg to 
desertion by the Damodar floods since then and by subse- 
quent encroachments, the Hooghly channel has considerab- 
ly shrunk and near about Calcutta it can hardly carry more than 3,66,000 
(Mr. Reak’s estimate in 1918 of maximum flood discharge) or say 3,60,000 
cuseos in its present condition. The seriousness of the situation that, will 
arise by the avulsion referred to above can, therefore, easily be imagined 
if it is remembered that in 1913 and m 1936 the flood discharge of the 
Damodar was of the order of 6 J lacs ousecs. Furthermore when the Damodar 
is in high flood it is very likely that the other western tributaries of the 
Bhagirathi also will be in high flood simultaneously owing to the proximity 
of their catchment areas. 


Potential dan- 
ger to Calcutta 
and the large 
business Inter- 
ests on the 
Hooghly. 


Avulsion 
through left 
bank towards the 
Hooghly prob- 
able. 

in the meantime. 
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47. The above consideration should rule out any proposal for remedial 
measures by means of uncontrolled escapes on the left bank, while as regards 
controlled escapes, it may be mentioned that the rough estimate which was 
recently prepared for flushing the decadent area on the left bank referred to 

before amounts to Rs. 2,72,77,000. The proposal provides 
Escapes f or the extraction from the Damodar and distribution 
banTnot practi- over area on ty about 13,000 ousecs out of the total 
cable. maximum flood discharge of about 0,60,000 cusecs, a mere 

drop, which will not oause any material lowering of the 
flood level nor its pressure against the left embankment. To afford such relief 
we should extract something of the order of say about 2,00,000 cusecs. Apart 
from the prohibitive cost this extra discharge cannot possibly be earned by 
the Hooghly in the vicinity of Calcutta and above Increasing the capacity 
of the Damodar channel by dredging does not also appear to be a feasible 
alternative. As I have mentioned already, apart from the 
^Maintenance q uegtl0n 0 f cogt> no nver can permanently be maintained 
impossible. by dredging. This is all the more true in the case of the 

Damodar with Buch a wide range of flood discharge, — 
maximum flood occurring at long intervals — , and with the lower reaches 
liable to be chocked up by silt earned by the tides functioning twice daily 

48. As regards remedial measures the only feasible alternatives, therefore, 

seem to be either to construct flood moderating roservoirs 
siWe* kerns* m t * ie l, PP er Vtt H«y 8 > probably the most satisfactory, 

tlvea though costly, solution, or to provide an escape into the 

Boopnarain through the right bank which should take off 
from a point as far above Burdwan as is possible It seems to me that once 
upon a time, the Roopnaram probably constituted the outfall of the Damodar. 
The tendency of nature to restore the old condition through the Begua escape 
is not sufficiently helpful. We should help nature by taking off this escape 
from a point higher up the river Along with the escape it is also neoessary to 
improve the carrying capacity of the Roopnaram m her upper reaches by 
removal of some of the circuit embankments on her banks 
C pkw^narain he (Chetua and Mohankhally circuits, etc ) which, for reasons 
explained before, seems to be neoessary even in the interests 
of the areas prematurely reclaimed by these embankments. 


Group III Tidal kivers. 

49. In their lower reaches these channels of groups I and II discussed 
Tidal channels a ^° ve are tidal and, except where free tidal flushing of their 
are valuable 8 P^ areas bas been interfered with by premature reclama- 
assets for pur- ti°n, their condition is not so bad. They are still conti- 
poseof communl- nuing their beneficent activities mentioned above including 
, , cation and the provision of cheap means of transport by water, a 
drainage. natural asset, which should be preserved at all costs. Mere 
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tidal flow, unless reinforced by supply of upland water, cannot, however, 
maintain any channel for an indefinite period Tides in these parts carry 
a large proportion of silt with which nature is trying to raise the lower portion 
of the delta now deserted by the Ganges floods But it is only a question 
of time when the spdl areas having been raised up to tide level, this silt, unable 
to spread over the land, will deposit in the channel bed m larger and larger 
quantities and will finally choke it. A gutter channel will probably remain for 
draining the local rainfall but the channel will no longer be fit for navigation. 

g ^ Besides, with the reduction of pressure of sweet water from 

llmU Is advanc** a ' 3ove > ^ho salt water limit is also lasing pushed up these 
Ing up the delta, channels, and a serious situation is likely to anse if the 
upper reaches of these channels continue to deteriorate 
and the supply of sweet water is further reduced In fact, it appears that 
the salinity of the Hooghly water near Calcutta, on which this big city is 
dependent for its water-supply, is showing a tendency to increase during the 
dry season The case is probably similar or perhaps worse with regard to the 
tidal portion of the other spill channels m Central Bengal, as the only source of 
sweet water for these channels is the Ganges and from Dccomber till June 
they remain entirely cut off from this source, except the very small supply 
that is drawn by percolation through the sandy bods at their offtakes 

50 But where free tidal flushing has boon interfered with by premature 
reclamation of spill areas by means of marginal embankments, the situation 
has already become serious, and at several places owing to the doterioratior 
of the tidal channels the difficulties of drainago are becoming more and more 


Tidal channels 
not only serve the 
purpose of com- 
munication and 
drainage but are 
the only agency 
now left by 
which the lower 
portion of Bengal 
could be raised. 


acute As mentioned already, apart from serving as car- 
riers of country drainage with which we are all familiar, 
these rivers of Bengal, which are both upland flood carriers 
as also the tidal channels, perform the most important 
function of raising the delta we live in Owing to the 
diversion of the Ganges the upland flood carriers are no 
longer functioning in Central Bengal, and so tidal channels 
are the only agoncies now left by which tho lowei portion 
of Bengal could be raised and made fit for human habita- 
tion. Another point to be noted is that when the upland 


flobd carrier dies in a particular area, as for instance in Central Bengal, though 


that area suffers, its beneficent activities are not lost to the country , only these 


are transferred elsewhere. If, however, a tidal channel is obstructed it usually 
gets choked in its own bed without any chance of diversion by avulsion ns the 
energy required for the purpose is lacking, it not being possible for a tidal 
channel to rise above the tide level. Thus the consequence 


Death of a tidal of premature reclamation by marginal embankments or 
channel is a per- other 0 i, 8tructlons m tidal channels is that their beneficent 
the” ountry 88 *° activities of raising this portion of the delta will be lost to 
the oountry for ever and the land will continue to remain 
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low with increasing difficulties of drainage until it becomes unfit for human 
habitation and reverts to swamps and jungles We have instances of this 
almost next door to Calcutta, viz. the low areas served by the Bidyadhari which, 
owing to earlier reclamation of the spill areas, is now completely dead and can 
no longer serve as a carrier of drainage, with serious consequences to the city of 
Caloutta and suburban areas. The Peali is also fast dying and will probably 
share the same fate as that of the Bidyadhari unless steps are immediately taken 
to throw open sufficient spill areas for this river. 

61 . In faot the. provision of spill areas by the removal of marginal em- 
bankments seems to be an urgent necessity for prolong- 
Supply of up- mg the life of these tidal ohannels. But this is not enough. 
tlaMor * 11 *r serv”" ^ ^ese channels have to be given a permanent lease of 
tion ° r of re **udal 8U PPly upland water seems to be an essential 

channels per- requirement. As this point is not usually understood it 
manently. seems necessary to explain the physical characteristics of 

tidal rivers. 

52. The energy which creates the tidal flow, viz the attraction of the 
sun and the moon m the sea is very limited and is manifested partly as potential 
energy, viz, rise in tide level, and partly as kinetic energy, viz, velocity of 
flow. The former oauses the tidal flow up the rivers and the latter determines 
its power of transporting silt. As the velocity of the tide when it enters the 
mouths of these tidal rivers is high and as there is a vast reservoir of uncon- 
solidated silt m suspension along the delta face, the tide as it flows up these 
nvers is highly charged with silt. It is generally observed that the duration 
of ebb tide in a tidal river is much longer than that of the flow tide. As the 
same quantity of water must ebb out as flowed in, it, therefore, follows that 
the average velocity of ‘ebb’ is less than that of ‘flow’. Now the capacity of 
water to transport silt depends on its velooity. Consequently the ebb tide is 
generally unable to carry back all the silt that has been carried up these tidal 
rivers by the ‘flow tide’. Even a slight deposition of silt will add to the ac- 
cumulation as the tides function twice daily throughout the year and the 
channel will begin to deteriorate The deterioration would impede the propa- 
gation of the tidal wave which would cause further deterioration and the 
vicious cirole would continue till the channel is completely dead. 

63. It will appear from the above that to maintain the life of a tidal 
river what is necessary is an additional supply of water not saturated with 
silt, *.e. which has the reserve capacity to pick up more silt, to supplement the 
tidal flow during ebb so as to scour out fully the silt that has been admitted 
into the river by the flood tide. This could be effected either by the supply 
of upland water, local drainage, or by throwing the existing spill area open to 
the daily ebb and flow or by adding new spill areas, if possible. The spill area 
is of oourse an important flushing agent but it would function only for a limited 
period at a gradually diminishing rate, till the whole area is raised to high 
water level and its storage capacity is reduced to nil. The local drainage would 
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also be specially helpful, while orops are standing in the fields, as the water 
at such time would be practically silt-free But this agency can function 
only during the rains, and for 7 months (November to May) no material con- 
tribution can be expected from local drainage, however large tho drainago 
area may be, to help in flushing the river during ebb The third agent, viz 
upland water, is certainly the most important and if it were possible to arrange 
for its supply perennially, so as to flush the river even during the dry season, 
there is no reason why a tidal river should not live and continue her beneficent 
activities for a great length of time 

54 Improvement of the spill channels of Central Bengal and diversion 
through them of a portion of the Ganges flood thus appear to be necessary 
even in the interest of the tidal portion of Central Bengal as tins water, after 
spilling over the land and depositing the silt content, will have to pass through 
these tidal channels for disposal into the sea With the help of a copious 
supply of sweet water, it will be possible not only to maintain these tidal 
channels permanently but also to push down the salt water limit and extend 
cultivation more and more towards the sea-face even without embankments, 
as is tho practice in Eastern Bengal 

55. In recent years the Bidyadhari river has been very much m the public 
Bldyadhari river e ^ e ow * n 8 <*> the increasing difficulty that is being experi- 
enced in disposing of the drainage from Calcutta through 
this outfall I, therefore, propose to take up this river as a typical repre- 
sentative of this group and briefly review its life-history to illustrate the points 
discussed above 

56 As discussed in dealing with the Primary delta, builders of Group T, 
the Jamuna, before the diversion of the Ganges flood through the Padma, 
instituted one of tho mam branches ot the Ganges Separated off at Tnbeni 
the flood used to flow down this stream to the sea In fact, between the 
Bhairab and its branches to the east and the Hooghly river to the west, the 
Jamuna was perhaps the most important delta builder in those days, and 
Bid dha i contributed to the raising of this portion of the 

was a spill chan- Sunderbans. The Bidyadhari was an important spill 
nel of the Jamuna channel of the Jamuna and to her was allotted the task of 
and carried her raising the delta just to the east of the areas near about 
share of the up- Calcutta. Channels connecting the Bidyadhari with the 
laud flood when j amuna j n the olden days (Nowi, Sunti and Nanagong) 
J.V— Wd * can still be traced reaching within a few miles of tho present 
abandoned course of the Jamuna. 

57. But the most indisputable evidence that the Bidyadhari used to 
receive a considerable supply of upland floods is afforded by the width 1 


1 The width varies from MO ft. to 900 ft , tho average being 060 ft and the level of 
the bank from 10 21 to lfl-06, the average being 12 57 ft within a length of about 10 
miles above Bhangore canal As compared with this the highest tide level rotorded at 
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between the high banka of what ia now called the Bidhyadhari khal juat above 
Bhangore canal. In fact I was surprised to find such high natural banka in 
the midst of what was known to be a purely tidal area 
Indisputable when I inspected the khal in 1933. I had aeveral cross 
evidence left by sections taken to ascertain whether they were really 
nature In^her a | J0ve t ^ e high tide level as that would prove oonolu- 
whlch are much 81ve ^y Bidyadhan used to receive upland floods 

higher than the As the cross sections show, these banka are much above 
tide levels. the high tide level even of the present day (which must be 

considerably higher than when the river was allowed to 
spill freely over the banks), and they could not have been built up by the 
tidal silt but must have been raised by the silt earned by 
Width between the upland water. Having regard to the characteristics of 
gives* a^ rou ^ ( ^ e * fca Guilders of which the banks slope away from the river 
measure of her ®^8 e » t ^ ie width between the crests of these high banks, 
old prosperity. therefore, gives a rough measure of the extent of upland 
flood supply in the olden days and, judged by this standard, 
it must have been considerable. 

58. I would particularly emphasise the importance of this method of 

reconstruction of the life-history of deltaic rivers by means 
Field for re- 0 f croa8 sections. After completion of the contour survey of 
search in recons- (^ ntra j Bengal, portions of which have already been 
history of rivers sur,re y e d. we should have a lot of data to help us in this 
in Deltaic Bengal, direction. For instance from cross sections of the country 
round about the Saraswati I found that this river, which 
now looks like a gutter, was originally a big nver, thus corroborating the view 
that the Saraswati was a branch of the main Ganges as there is no other delta 
builder on this side of the country which could throw a branch of this size. 

59. By sirndar evidence left by nature it was also found that the Kulti- 
gong, which now constitutes the outfall of the Nowi, Sunti and Nanagong 
(formerly feeders of the Bidyadhan), probably opened up much later than the 
Bidyadhan. In any case it was onginally a channel of minor importance as 
compared with the Bidyadhan. Measured from the present outfall of the 
Nanagong into the Haroagong (the connecting channel between the Kulti 
and the Bidyadhari) high banks much above the high tide level extend to only 
a little over 6 miles along the Kulti route, while along the Bidyadhan they 
extend to at least 14 miles. I have discussed these points at length in my 
official report on the 'Bidyadhan Restoration scheme’ and it will unduly 


Bamanghata on the Bidyadhari, which is progressively rising, was 10 33 and the average 
High water 8 8 in 1032 At Haro a (a short distance above the length considered) the 
H H.W. and the average H.W. level in 1932 were 11 0 ft. and 8 75 ft. respectively. 

All levels referred to are taken on O.M.8.L. or P.W.D. datum. 
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lengthen the size of this paper if these evidence and argument* are reproduced 
here. I shall merely summarise the conclusion that I arrived at after a critical 
analysis of all the available evidence. 

00. So long as the Jamuna remained active the Bidyadhari used to got 
a considerable supply of upland water (including a portion 
the^Btd^dh °i wea *'her flow of the Gangos), not only the flood 

carried by the Nowi and Sunti, but also the major portion 
structed. of the flood carried by the Nanagong Deterioration of the 

Jamuna probably set m soon after the diversion of the 
main volume of the Ganges flood towards tho end of the 15th C’entuiy or early 
in the 10th Century. It seems probable, however, that it still continued to 
reoeive, at least during the rains, a share of the Damodar flood, which had 
one of its outfalls into the Hooghly near Kalna until about 1660 and near 
Noaserai until about the middle of the 18th Century, both the places being 
above the offtake of the Jamuna at Tnbeni Diversion of the Damodar 
down its present channel with its outfall below Ulubena at the latter date 
finally sealed the fate of tho Jamuna which, together with the spill channels, 
began to deteriorate rapidly. 

61 Deprived of the upland water supply, the Bidyadhari was them 
thrown entirely on her own resources, viz local drainage and spill area to 
prolong her life os long as she could At tins stage another characteristic, 
peculiar to tidal rivers carrying a largo proportion of silt, hastened her decay 
The Kultigong, the next parallel tidal channel to the east, 
Stoppage of } ia j already opened up and by means of the connecting 
upland water ( .jj ftnne ] ( now known as the Haroagong, provided a meeting 
Ing of tides— 8 r ‘ )un, l f° r tides coming up both this river and the Bidya- 
natural causes of dhari Owing to cheek in velocity there is always a heavy 
deterioration. deposition of silt at tho tidal mooting ground, hut so lung 
as these rivers received a plentiful supply ot upland floods, 
this silt could be cleared by flushing dui ing floods. Alter the stoppage of this 
supply, the silt deposited as a result of the meeting of the tides boeamo a grave 
menace to the preservation of both the channels Nature had thus to sacri- 
fice one for the preservation of the other. It seems to me that by this time 
the .Kultigong, which was originally discharging into the Matla through Kurner- 
jolgong, had her present outfall into the Roymangal Estuary definitely estab- 
lished. Now the Roymangal is ono of tho deepest estuaries m the delta and the 
conditions for the propagation of the tidal wave being more favourable, the 
stronger tide up the Kultigong could travel higher and higher up tho connecting 
channel (Haroagong), thus shifting the tidal meeting ground more and more 
down the Bidyadhari. The Nanagong, the Sunti and tho Nowi, which origi- 
nally used to feed the Bidyadhari, were thus gradually absorbed by the Kulti- 
gong for her own sustenance. By robbing the Bidyadhari of the drainage 
and spill areas of these feeders, the Kultigong thus began to develop at the 
expense of the Bidyadhari and the latter river deteriorated rapidly 
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62. Bnt though the fate of the Bidyadhari as a permanent channel was 
thus sealed, the existence of a large spill area in the salt lakes should have 

made it possible for her to function as an outfall for the 
drainage from Caloutta and the neighbouring areas for a 
much longer period but for the acts of man. The salt 
lakes, even after reclamation along the borders now measure 
about 56 sq. miles and, it seems to me, define the boundary 
between the area built up from the north by the upland floods and that from 
the south by the tides carried up the Bidyadhari and the Peali. Even after 
the stoppage of upland floods it should have been possible for nature but for 
human interference, to raise this area by tidal deposit instead of leaving it as 
a nuisance so close to the city. 

63. The first interference was the premature reclamation of the land 
on either bank of the Matla and of the Bidyadhari by means of marginal 
embankments, towards the middle of the last century This was one of the 
earliest areas to be reclaimed, and consequently both the channels began to 
deteriorate with progressive rise in tide level or what may be called ‘heaping 

up of tides’. At Port Canning (Bidyadhari outfall into 
Rise in tidal t j ie Matla) the highest high wuter level has risen from 

able' - *8ign V§ of 6 28 in 1865 12 83 in 1930 (° M S L - data). At I )ha PP a 

deterioration. the ordinary high water level in 1830, as gathered from old 
records, was 1*5 in the dry season and 3'5 in the rains. 
The H.W. level was 0 41 in 1926. At Bamanghata on the Bidyadhari the 
H.H.W. level has risen from 9 1 in 1894 to 11-00 in 1926 It will be of no use 
referring to the level at Dhappa and Bamanghata in recent years as tidal 
flow is practioally non-existent and the level is really ruled by the discharge 
of Calcutta drainage, but it may be noted that the present level is considerably 
higher. The Bidyadhari, which hitherto used to drain Calcutta, is now trying 
to drown the city with the sewage and we are trying to prevent the catastrophe 
by means of flood embankments proposed to be constructed along the easterp 
boundary 

64. Now this ‘heaping up of tides’, which occurs when a tidal wave is 
unable to dissipate itself over the spill area, is another characteristic of tidal 
rivers, and where tides carry a large proportion of silt, as in Bengal, it causes 
deterioration of the channel by the dropping of silt. The explanation is 

probably as follows: ‘Heaping up’ of tidal flow really 
‘ heaping^up* of mean8 8 a * n in potential energy But as the sum total of 
tides ’ explained ener #y which generates this flow, mz. tidal impulse 

created in the deep sea by the attraction of the sun and the 
moon, etc. is constant during each tide, this gain in potential energy must be 
attended with a corresponding loss in its kinetio energy, or in other words the 
flood tide can only rise in level at the expense of its velocity. Now the silt- 
carrying capacity of the flow being proportional to the velooity, it follows that 


Death of the 
Bidyadhari has- 
tened by the acts 
of man. 
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as soon as ‘heaping up’ occurs a portion of the silt brought up by the tides, in 
excess of what the reduced velocity can carry, drops on the bed, thereby 
further impeding the tidal wave and accelerating the deterioration of the 
channel in a vicious circle. This phenomenon of ‘heaping up of tides’ is going 
on more or less in almost all the tidal rivers, where the spill area has l>een unduly 
curtailed and really constitutes the preliminary warning of dc teuoration. 
In the Bidyadhari, and at the head of the Matla Estuary, the heaping up of 
the tides’ is probably the worst as their spill areas have been the earliest to be 
reclaimed It liecomos less and less as we move towards the eastern parts of 
the delta 

66 The second stage of human interference was the discharge of the 
Calcutta sewage into the Bidyadhari While the liquid content has piobably 
been helpful, especially during the dry season, the solid matter has certainly 
been harmful specially by forming a gelatinous coating over the channel lied 
and slope which the ebb flow finds it difficult to scour. The large numbci of 
fisheries in the salt lakes and other low areas also contributed to the deteriora- 
tion of the Bidyadhari by preventing free tidal spill Finally, the Knstopur 
canal (excavated in 1910), by cutting off a good portion of the salt lake spill 
area (Ghum Jatragatchi — about 18 sq miles) and interfering with the natural 
drainage from the north, accelerated the death of tho Bidyadhari 

06. Attempts were made to revive tho Bidyadhari both by acquiring a 
spill area (about 2J sq miles which was found to lie much 
too small) and also by dredging at a heavy cost But the 
opposing forces were found to lie much too strong and the 
Bidyadhan continued to deteriorate She is now abso- 
lutely dead without any chance of revival and it would be 
interesting to note the rapid rate of deterioration ftom the following figures — 

1883. 1904. 1936 

Lowest Bed level near Bamanghata 
referred to O.M S L or P W D datum —58 69 —2971 +575 

The present bed is even higher than the country level on either side 

1894 1915. 1917 1926 1932. 1930. 

L L. water level at 

Bamanghata ., —4 9 0 0 +017 +2 5 +5 92 +11 05 

1926 1936. 

Cross sectional area at Bamanghata 
below R.L 9-75 .. .. 2,440 sq. ft. 363 sq ft. 

67. All attempts at the restoration of the Bidyadhan have now been 
rightly abandoned and the Calcutta Corporation arc dredging an independent 
outfall into the Kultigong As the proposal has received the approval of 
Government and the work is in progress I refrain from making any comments. 


All attempts 
for revival of the 
Bidyadhari have 
failed. 
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Nor would such comments be really appropriate in the present paper, which 
only deals with river problems in general and does not aim at finding a solution 
to any speoific local problem like the drainage problem near about Calcutta. 
This problem is sufficiently important and complex to form the subject of a 
special paper. I wish only to add in this connection that 
the Peali, a branoh of the Bidyadhan, is also fast deterio- 
rating and will soon share the same fate as the Bidyadhari. 
Immediate steps are, therefore, necessary to prolong the 
life of this river. After the death of the Bidyadhari, the 
Poah is now the only source of drainage for a large portion 
of 24-Parganas district and constitutes the outfall of several 
drainage schemes constructed by Government at a heavy cost The death of 
the Peali will not only mean the loss of this capital but, due to consequent water 
logging, the area affected will gradually revert to swamps and jungles from 
which it was prematurely reclaimed by the acts of man 

River problems with reference to Navigation. 

68. I have dealt with the river problems in Bengal so far as they have 
arisen m respect of the beneficent activities of the rivers in draining and ferti- 
Using the land which they have created. I now refer to another aspect of 
river problems in respect of the valuable services which the rivers are rendering 
to the country in the matter of oarrying the produce by cheap water routes. 

Together with the tidal portion of Central Bengal, Eastern 
Waterways Bengal possesses very important natural resources in her 
valuable* natural uavigable channels, the value of which in promoting trade 
aMet , and providing facilities for cheap communication can hardly 

be exaggerated We have first the principal highways, viz. 
the Ganges, the Brahmaputra and the Meghna, providing water communication 
with the neighbouring provinces of Bihar and Assam, Then we have the net- 
work of feeder channels connecting these main waterways with the trade 
centres including Calcutta, one of the important ports in the world Again, 
m Eastern Bengal, which is inundated by the floods of these nvers, it is possible 
during the monsoon to carry goods by water practioally from every village 
to the nearest feeder channel, and from there to one of the principal highways 
for transport to the several trade centres. This is perhaps unique m the 
history of the world, for, though there are other countries possessing natural 
waterways, I do not know of any where the system of internal boat communica- 
tion has been so thoroughly planned by nature as in these parts. Apart from 
its value to trade it is also providing employment to hundreds or thousands of 
people, the importance of which in a province like Bengal, where the pressure 
of population is already being felt, can hardly be exaggerated. 


Life of the Peali 
must be pro- 
longed In the 
Interest of drain- 
age of a large 
area. 
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09. The importance of conserving and improving, where possible, this 
valued gift of nature is, therefore, obvious As regards the 
waterwT T "tVe P r * nci P a ^ highways no attention is really needed except 
presstag^need for during dry months, when it may be necessary, near 
Eastern Bengal. had shoals, to tram and divert the available flow through 
particular channels bo as to increase the depth of water to 
suit the requirements of navigation. A large quantity of the discharge ol the 
Ganges and her tributaries is, however, being utilised for irrigation in the 
upper provinces and so long as it is extracted during the monsoon months, 

_ it does not seriously matter as there is plenty to spare 

Further reduc- . , • „ , , , p , 

tlon of low water further extraction of low water discharge ot these 

discharge of the rivers should be a matter of serious concern to Bengal 
Ganges— a mat- and Bihar as not only is this likely to endanger navigation 
ter of serious in the Ganges during the low water season, but, after the 
Bengal* F " t0 im P rovemen t ot her spill channels in Central Bengal, we 
shall require more and more of this discharge to pass through 
them to keep them efficient It, therefore, seems necessary to keep an eye 
on the future development of irrigation schemes m the 
Necessity for (j an g eg basin in the upper provinces and, as the interests 
l RlveT'com- ^ese provinces are likely to conflict with those of 
Bengal, the necessity for the establishment of a representa- 
tive body to adjudicate those interests has to be considered 

70. But the main problem which we have to face at present in the matter 
of improving facilities for communication by water is 
with regard to the feeder channels connecting these principal 
highways, especially with Calcutta In the olden days, 
when the Bhagirathi was in better condition, Calcutta was 
of course directly connected by water with the Ganges. 
Later, as navigation through the Bhagirathi became more 

and more difficult, the Jalangi and the Mathabhanga were being utilised 
for the purpose In those days steamers were of course unknown and, as 
can be gathered from the old records, navigation even by boats was difficult 
during the dry months. It appears that oven up to about the middle of the 
last century there was considerable activity in connection with attempts made 
to maintain the Mathabhanga as a feeder route to Calcutta from the Ganges. 
(N B . : — The Churni connecting the Mathabhanga with the Hooghly appears to 
have been an artificial cut made m the interest of navigation ) 

Most of the supply drawn from the Ganges by the Mathabhanga offtake 
was in those days escaping into the Kumar and steps were taken to prevent 
this by artificial action It also appears that m 1860 and 1861 five chord cuts 
were made across some of the bad loops of the Mathabhanga thereby shortening 
the river by 21 miles and making its fall equal to that of the Kumar. 

71. These attempts, however, did not prove very successful and more 
and more attention was paid in improving the boat route through the 


cial River Com- 
mission. 


Maintenance of 
feeder channels 
constitutes 
main navigation 
problem. 
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Their mainte- 
nance constitute* 
the main naviga- 
tion problem. 


Sunderbans. The construction of Calcutta Canals including the Chitpur lock 
was taken up early m the 19th Century and the canal route was gradually 
improved by the construction of New cut canal in 1859 , Dhappa, Bamanghata 
and Kulti locks in 1895 , and lastly the Kristopur canal in 1910, which was 
intended for boats When steamers were introduced later, they used to enter 
the Bidyadhari through Tolly’s nalla (excavated in 1770) and take the 
Sunderban route via Port Canning and Matla. Owing to the deterioration of 
the Bidyadhari and the Matla the steamer route iB being gradually shifted 
more and more towards the sea face. Here again nature 
“ helped us by providing cross connections botween 
tural gift outfalls of primary delta builders (estuaries), usually 

flowing north to south. But for these cross connections 
navigation from Calcutta to the Ganges would have been difficult by steamers 
and probably impossible by boats, as they would have to pass out into the 
sea to get into the next north-to-south channel and so on In fact our main 
problem at present in respect of navigable waterways is 
with regard to the maintenance of these cross connections. 
The maintenance of the north-to-south channels is also 
proving more and more difficult and will be impossible 
ultimately, as these channels, in the absence of upland 
water supply and with spill areas prematurely reclaimed, continue to deteriorate 
as in the case of the Bidyadhari and the Matla. 

72. The existence of thece cross channels is probably attributable to the 
funnel-shape of the Bay of Bengal, the deepest sea being 
Origin of cross ^ middle ending in the ‘Swatch of no ground’, more or 
plained* ** * 688 in a ^ ne w ith the oentre of the delta and the shallower 

and shallower sea running along the coast lines to the east 
and west. Owing to the more favourable conditions available for the pro- 
pagation of the tidal wave along the deeper or oentral portion of the Bay, 
the tide makes first at the head of the ‘Swatch of no ground’ and travels along 
the delta face, one branch running to the west and another to the east. For 
this reason and also due to the irregular extension of the delta as pointed out 
above, the tides do not make absolutely at the same time at different points 
in the same latitude along the delta faoe, thus giving rise to cross currents 
between the deeper channels just below the outfalls of contiguous north-to- 
south delta builders. As pointed out by Major Hirst {Report on Nadia Rivers, 
1915) the delta, m oonsequence, has not probably extended continuously but 
in the shape of islands between two contiguous outfalls, leaving a cross channel 
between the island and the main land. So long as the difference in the time 
of arrival of the tide at either end was suoh as to prevent the formation of a 
tidal meeting ground within the cross ohannel, it remained. But where, owing 
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to irregular extension of the island at its outer face, due probably to one delta 
builder being more active than the other, this difference 
Meeting of wa8 altered so as to provide a tidal meeting ground within 
tides— a grave cr088 channel, it closed up, joining the island with the 
menace to the , . , , . , , 

maintenance of mam * an “ Ki t* 118 wa y many of the cross channels have 
cross channels. now disappeared throwing the steamer route more and more 
to the sea face The gradual rise of the tide level with a 
tendency to drop a larger and larger proportion of the silt content has also 
helped in this process 

73. It has been stated above that, along with the improvement of the 
rivers in Central Bengal in their upper reaches and diversion through them of 
a portion of the Ganges flood, their tidal reaches will also automatically improve 
and with the copious supply of upland water thus available a solution may be 
found to maintain these tidal channels on a permanent basis which is so vitally 
necessary in the interest of inland navigation in Bengal 

74 In this connection it may be mentioned that to shorten the distance 
by water between Calcutta and the Ganges, the Madanpur 
Difficulties in Bil Route was opened early in the present century As the 
the maintenance name indicates, it was a passage about 20 miles long cut 
of the Lower through a senes of bits connecting the Madhumati at 
crosT connection Mamckdah the Kumar nvei at Fatehpur and through 
between the that river and the Ariel Khan with the Ganges. The 
Madhumati and scheme was highly successful as the spill of the Gangos 
the Ganges. and the Madhumati, after depositing the Hilt on the bits 

and the country-side lying to the not ill and west of these 
channels, was sufficient to give them a thorough flushing and they were more or 
less self-maintaining This route practically monopolized the whole volume 
of waterborne traffic between Calcutta and Bihar and Upper Assam and, 
apart from immense benefit to trade, it was also yielding a decent revenue to 
Government But to meet the demand of the growing heavy traffic it was 
considered necessary to widen the bil route which, in consequence, began to 
draw more and more of the available spill supply at the expense of the Kuinar 
which, for want of sufficient nourishment, is now being starved to death ami 
in which navigation is no longer possible during the dry months It is a highly 
complicated subject and cannot be dealt with pioperly in a short note But 
I mention it to show that m this case also we have the requisite natural resources 
m the large volume of flood water now running to waste in the Ganges and the 
Madhumati and the problem is one of diverting a portion to feed the Kumar 
which is starving to death for want of an adequate supply. 

75. While dealing with this subject of communication, I should like to 
sound a note of warning especially to those who live in areas which are still 
being favoured by nature in the shape of annual flood flushing. We hear 
talk of the extension of railways in those parts, for instance the rail road from 
Barisal to Madaripur and between Dacca and Ancha, etc. The improvement 
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of facilities for communication is certainly necessary as these are vital factors 
m the cultural and eoonomio uplift of a nation. But rail roads in these parts 
have to be carried on high embankments, materially interfering with the flushing 
arrangement devised by nature. We should not, therefore, repeat the mistakes 
made in the case of Western Bengal and, instead of embanked roads or railways, 
our policy in future should rather be to meet the demand for communication 
m these parts by improving the existing waterways and making new waterways 
where none exist at present. 


Riveb problems with reference to erosion. 


76. Another problem that I should like to mention before I conclude is 
what is being created especially by the primary delta 
Erosion prob- builders of group I, in Eastern and Northern Bengal, by the 
thT conditions of ra P^ ero81on of tko banks. The problem is to a certain 
flow of deltaic ex ^ ent inherent in the conditions of flow of deltaic rivers, 
rivers . hut it has been aggravated by the natural tendency to 

concentrate all available flow into the two principal rivers — 
the Ganges and the Jarauna. Resuscitation of the nvers m Central and 
Northern Bengal, so as to enable them to oarry their duo share of flood water, 
will no doubt make the position somewhat easier, but the erosion will still 
continue to remain a problem as the soil through which these rivers flow is 
extremely soft. Special study m a laboratory may perhaps reveal some 
cheap method of river conservancy by which this problem can bo satisfactorily 
solved. But the method of direct aotion, vtz. the protection of the eroding 


bank by brick mattress, etc. that is now followed, is so very costly that it 
can hardly be adopted except for the protection of important towns. 

77. It will be seen from the above that the all-important factor whioh 
dominates the river problems in Bengal is the large pro- 
Silt factor potion 0 f silt carried by the floods It is the silt which 
river ^ problem# ^as created the land and made it habitable by raising it 
In Bengal. through centuries It is the silt again which is fertilizing 

the land, and where the process is still operatuig the country 
is healthy and prosperous, while where it has oeased to function the oountry is 
progressively deteriorating in health and productivity of the soil. But though 
the sdt has proved to be such a beneficial gift of nature this very faotor has 
given rise to most of our river problems that we find to-day. It is the silt 
whioh, by deteriorating the old river channels, has forced their diversion 
through lower areas which, though beneficial to the latter, has been so 


harmful to the area served by the former as we have seen in the case of 
Central and Northern Bengal. It is the silt whioh, by raising the beds and 
consequently the flood level of embanked rivers, has created problems highly 
complex and unique in character, as we have seen in the case of the rivers of 
Western Bengal, especially the Damodar. It is the silt which has killed 
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many of the tidal rivers in Central Bengal and threatens to kill the rest with 
disastrous consequences to the interests of navigation and drainage, unless we 
can reinforce the ebb flow in her struggle against the Bilt brought in by the 
flood tides. It is the silt again which is killing the cross channels so valuable 
in the interests of navigation, which, hke a thoughtful mother, nature left 
between the north to south channels for the benofit of Bengal m the process of 
extending the delta Silt, in short, is one of our greatest boncfactors and, in 
some respects, also a malefactor and we ought to make the closest study of this 
all-important factor Unfortunately we jmssess very littlo information on the 
subject beyond the general knowledge as indicated above What is required 


Necessity for 
research. 


is a fully equipped laboratory to study this and other 
questions amenable to laboratory treatment, thoroughly 
and scientifically, and to guide us m our effort to solve the 


rather complicated river problems in Bengal Many of these problems are 


rather unique and without parallel The results achieved elsewhere will not 


help us much , we have to find the solution ourselves by long and concentrated 


study of local conditions. 







RIVER PHYSICS LABORATORIES OP EUROPE AND AMERICA. 


By N K. Bose, Ph.D., Punjab Irrigation Research Institute, Lahore 
{Read at Symposium, January 9, 1938.) 

Of recent years conviction has been gaining ground among hydraulic 
research workers that there is a physics of river flow and as such it is possible to 
study river movements and the changes in the course of a river from scale 
models in a laboratory Though the science of River Physics has not attained 
to that stage of development as has been reached by the science of Nuclear 
Physics or any other branches of Physics, yet since the days of M Fargue, 
Osborne Reynolds and Vemon-Heroourt the progress of this branch of Physics 
has been very rapid The experiments of Prof Gibson in England, of Engel, 
Winkel, Krey and Rehbock in Germany and of Freeman in America have 
proved conclusively that not only can scale models, properly conducted, give 
valuable indications for training of a river, quantitative information can also 
be obtained from such experiments In his tidal model of the river Severn, 
Prof. Gibson has been able to reproduce the conditions of the river in 1927 
starting with the river in 1 848. Prof. Krey in his Elb model and Prof. Rehbock 
in the Rhine model have been able to get very good quantitative agreement 
between the model and the prototype In the U S Waterways Experimental 
Station at Vicksberg, Vogel has been able to reproduce various conditions of 
the river Mississippi in a number of models. 

It will be interesting to compare the various methods applied by different 
workers in developmg their river models and also the amount of success they 
have attained in them. 

Prof. Gibson’s name is mainly associated with the tidal model of the river 
Severn. He has made this model a complete success. His method of working 
can be summarized as follows * — 

The model was moulded in Portland cement supported by a wooden tank 
having the internal dimensions shewn in Pig. 1 For moulding the model 
a series of equidistant parallel cross-sections (138 in all) of the estuary and the 
surrounding district included within the boundaries of the tank were drawn on 
mill-board, data being obtained from the 1848 survey. These were cut and 
mounted vertically in the tank and were used as templets Where rocks are 
marked in the charts these are moulded to the correct height. Where the 
soundings show gravel, clay or hard sand, this was reproduced by a cohesive 
mixture of Leighton Buzzard sand and a very fine silica sand containing a 
proportion of China clay. Where the charts showed a sandy bottom the 
cement bottom of the model is moulded at such a depth as to allow of the 
equivalent of at least 10 feet of sand in the upper reaches and from 30 feet 
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to 40 feet in the lower reaches of the estuary and sand was afterwards filled 
In to the correct depth. 

The tides were produced by the rise and fall of a plunger in a tank forming 
a continuation of the seaward end of the model. This plunger was operated 



from a mechanism driven by a 2 h.p. induction motor. The correct tidal 
period in the model was calculated from the following relationship : — 


t 


tL l 


[H 

V7T’ 


where oapital letters refer to prototype. So that with a soale ratio 1/100 
and 12 hr. 20 minutes as the tidal period in the prototype the tidal period in 
the model was kept at 52'23 sc. 

One of the first requirements was to determine what size of sand would 
reproduce most accurately the conformation of the bed of the estuary and 
experiments to this end were carried out on both models after which the 
original programme was followed using this sand. 

Owing to the fact that fine silt, such as is found in the Severn Estuary, 
beoomes coagulated and settles much more rapidly in sea water than in fresh 
water it was necessary to reproduce thiB effect of the sea water in the model. 
For this it was decided to make use of the coagulating properties of a weak solu- 
tion of alum. The alum was made up into a solution and fed into the model. 

The results obtained by him are best expressed in his own words 

‘On the hydrodynamical side— the reproduction of currents, water-levels, 
tides and wave-motion— a suitable model is capable of giving results which 
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may fairly be claimed to be accurate within the limits of experimental inves- 
tigation. 

The question as to how nearly quantitative agreement is to be expected 
regarding the movement of bed-materials, erosion and deposition is not so 
easy to answer. We know that training works, bridge piers and other struc- 
tures affect the set and velocity of the currents to an extent and in a manner 
which is reproduced with close accuracy in a suitable model Inasmuch as 
an increased velocity causes scour and a reduced velocity causes deposition, 
if the bed-material is moved the movement caused by the change will be in 
the same general direction and of the same kind as in nature, so that it is to be 
expected that the same kind of configuration will result 

Much depends on how far it is possible in a model to reproduce accurately 
all the factors involved. The final answer to the question can only be given 
when we have available the results of many model tests and corresponding 
results under similar conditions in nature, and until then caution must be used 
in predicting quantitative results.’ 

He concludes with the remarks : — 

‘ I think it is not overstating the case to say that in expert hands such 
models are capable of giving results whose interpretation enables quantitative 
values to bo pro-determined with sufficient accuracy for most practical engineer- 
ing purposes ’ 

Prof Krey of Berlin had carried out a long soncs of experiments on the 
river Elb His method oan be summarised as follows — 

The model was built on a platform 4 in wide and 18 ni long The plat- 
form rested on the adjustable support of the small flume, so that if found 
necessary afterwards the slope of the model could be varied by lowering one 
end of the platform. The outlines of the platform are shown by dotted line 
in Fig 2. Projecting berms that in nature are kept in position by the growth 
of grass were formed in the model by sand and consolidated by milk of cement. 
Besides this tho model river bed m tho river channel and between the dikes 
consisted of fine moveable sand as in nature This was laid to such a depth 
that every possible bed movement m nature could be reproduced in the model 

In order to reduce the error due to either of these two alternative methods 
in the experiments (distortion of the vertical scalo or increasing the sIojkj by 
tilting’ the platform) both tho methods were combined. Thereby it was 
possible to deviate very slightly from geometrical similarity both m depth 
and Blope. The error was rendered smaller by this method than what would 
have been the case if one had to obtain the tractive force necessary for the 
maintenance of silt movement in models either by increasing the depth or by 
steepening the slope. 

The conclusions arrived at by him can be briefly indicated thus • — 

Definite rules cannot be set up for the selection of the time scale as the 
time that is required for the formation of the bed in the model depends on the 
model soale ratio, the model sand and also on the particular problem. The 
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time scale, therefore, should be determined beforehand according to the require- 
ments of the experiments. It has, therefore, been the practice in the Institute 



Fig. 2. 

sineo 1928 to start the experiments on a bed with uniform elope and horizontal 
cross-section and to allow the model discharge to work out its own bed forma- 
tion. The discharge was so selected as to give the required gauge readings 
of the prototype for a year or a number of years, at the end of this period 
a definite bed formation used to be attained. A comparison between the 
model bed formation and the prototype allowed an idea to be obtained about 
the correctness of the time scale selection. The model or one of the scale 
ratios must bo altered if the reproduction of the bed formation is not complete 
within a reasonable model time scale 

The most important of the river models of Prof. Rehbock of Karlsruhe 
was that of the Rhine. This work he did for the Rhme River Commission 
His general principles of river experiments are as follows . When it is decided 
to do model experiments on a stretch of a river a long stretch of the river is 
taken and 2 or 3 different models with different scale ratios are constructed, 
say 200 : 1, 100 : 1, 160 • I, the length ratio and the depth are the same. Havmg 
thus fixed the scale ratio the discharge is consequently fixed. The river is 
then built with its levee that has remained stationary for a considerable length 
of time. The bed of the model which has a different slope steeper than that 
of the river is filled uniformly with brown coal — very light chips of coal 
about 1 to I ’5 mm. in size and density about 1*4 — to a certain depth. A 
oertain discharge is allowed to pass over the model for different lengths of time 
and the contours traced out by the water are photographed by a camera that 
travels on two rails at a height of about 2 or 3 m : above the model, the rail 
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is kept parallel to the water surface so that photographs of the same size are 
obtained every time. These oontours are then obtained for different discharges 
and then compared to the actual contours of the river bed: by this means a 
time factor for eaoh experiment is obtained which is different for different 
nvers This time factor depends on the slope and the quality of silt used. 
For a stretch of the Rhine, Prof. Rehbock has found that for the scale ratio 
160 : 1 the time factor 61 is nearly correct and that a change that took 2 years 
m the Rhine to take place will require less than one day in the model 

Vogel’s experiments on models of the river Mississippi are very interesting 
and show what can be attained in such experiments with proper care and 
judicious handling of the model. 

A number of model results on the Mississippi carried out at the U S. Water- 
ways Experimental Station, Vicksburg, Miss , U.S A., are quoted by Mr. H. D. 
Vogel in a paper entitled ' Hydraulic Laboratory Results and their Verification 
in Nature’. He gives instances of the following models • — 

1. The Brooks Point Model. 

2. The First Charters Model 

3. The Point PleasanF Model 

4. The Morrison Towhead Model 

5. The Walkers Bar Model. 

6. The Stewarts Bar Model. 

7 The Island No 9 Model 

The' agreement shown in the figures of the model and the prototype is 
almost complete. Only four figures of the Brooks Point Model are reproduced 



ft€f£RRED TO LOCAL LOH-WATCR PiAN£. HATCHCO AR£AS RtPRESEMT 
DBPTHS GAB ATM R THAN tO ABBT). 

here. I shall quote the following from his paper : ‘The Model of Brooks Point, 
HI (Fig. 3) was built in simulation of a 10 mile stretch of the Mississippi 
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Hirer lying between mile 20 and mile 30 above Cairo, HI. The purpose of 
the model study was to devise means for improving the depth of the navigation 



PIO. 4. PLAT BED VERIFICATION RUN, MODEL OP MISSISSIPPI WE* AT 

EBOOKS POINT, ILL. (CONTOUR ELEVATIONS ARE REPERREOTO LOCAL 
LOW-HATER plane, hatched areas represent depths greater 
THAN to PEET. 

channel over the crossing at that point during low water stages. Only one 
general survey of the region was available to the laboratory. This was made 
in September 1932 and the model was constructed from the data thereof. 
Fig. 3 shows the condition in the prototype as revealed by the survey. Lacking 
any other survey data the model was subjected to dat-bed verification test. 
At the end of 100 hrs operation (Fig. 4) it was found that the model was in 
close similarity with nature.’ 



8- INDICATED SOLUTION, EV l AS ORATORY TEST, DP CHANNEL /AfPROW- 
MENTS AT BROOKS POINT, ILL . (CONTOUR ELEVATIONS ARE 
REP ERR ED TO LOCAL LOW- WATER PLANE. HATCHED AREA 
REPRESENT DEPTHS GREATER THAN 10 PEET) 




A/<J. «. CONDITIONS XX tS TING AT BROOKS POINT, ILL., OCTOBER, 1933 

(CONTOUR ELEVATIONS ARE REFERRED TO LOCAL LOW-WATER 
PLANE. HATCHED AREA REPRESENT DEPTHS GREATER THAN IOFEET. 


of this vicinity, made about two months later (October 1933), is shown in Fig. 6. 
It can be seen that in this short interval of time the river has shown unmis- 
takable signs of adopting the new channel alignment.’ 

Having described the various river model experiments in Europe and 
America it may not be out of place here to mention a few experiments on models 
of rivers that have been recently carried out in India. The Hardinge Bridge 
experiments of Mr. Inglis are well known and have been described in detail by 
him I shall here give a brief description of the experiments rocently earned 
out by the author on a model of the river Chenab below its confluence with 
the river Jhelum. This was one of the series of experiments on models carried 
out by the author in connection with the Haveli Project of the Punjab Irriga- 
tion Department. 

A Btretch of the river Chenab about 1 mile upstream of the site where 
it is joined by the river Jhelum and about 5 miles downstream — the total 
length of the area included being 6 miles — has been modelled all in pure sand 
with a depth of sand equivalent to 60 feet in the prototype. The average 
diameter of the sand used is about the same as that of the prototype. The 
maximum breadth of the area modelled is about 3 miles. The horizontal scale of 
the model has been fixed at 1/300 and the vertical distortion has been calculated 
as 6 6 but it has been found from experiments that a distortion of 6 0 gives 
a better result. So that the vertical scale has been chosen as 1/60. The rivers 
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were modelled to the survey of 1915 when a definite number of oross-seetions 
were taken. Accurate discharge observations in these two rivers about 10 
miles upstream of the point of confluence are available for the years 1922-37. 
For fixing the time scale the river was every time modelled to 1915 section 
and model discharges corresponding to the hydrographs in the rivers were run 
through the model, the interval of time that corresponded to a month in the 
prototype was varied from run to run. After each run, which oovered the 
period from 1922-36, the river was surveyed and the oross-seetions were com- 
pared with those of the prototype for 1936. The time interval that gave the 
best agreement has been selected as the time scale This in this model was 
10 min. a 1 month. 

In the model only those months were reproduced in which there is any silt 
movement or bank formation in the river. 

In the prototype there is a gauge site known as Tnmmu Gauge Site where 
discharges and water surface levels have been observed daily sinoe 1922. 
In the model also the water levels were observed at the corresponding Bite. 
The levels for different discharges in the model agreed within an inch or two 
with the prototype values. 

Evidences about the reliability of model experiments for the purpose of 
anticipating ohanges in natural rivers are everyday accumulating. Experi- 
menters all over the world are attacking from all points of view one of the most 
difficult problems of experimental physics, and theories of similitude and 
hydrodynamics are being constantly called upon to guide this infant science 
to its goal of success The above comparisons between the characteristics 
of the model and the prototype show how completely successful has been this 
new soienoe of River Physics. What Reynolds said about half a century ago 
is now applicable with greater foroe. ‘This method of experimenting seems 
to afford a ready means of investigating beforehand the effects of any estuary 
or harbour work , a means which after what I have seen, I should feel it madness 
to negleot before entering upon any costly undertaking.’ 
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